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A basic feature of the host-parasite relationship 
in brucellosis is the intracellular localization of 
Brucella in the tissues of animals and man (1-6). 
This intracellular parasitism is a contributing fac- 
tor in the tendency of the disease to become 
chronic. Experimental studies have shown that 
intracellular Brucella organisms are afforded pro- 
tection against antibiotics, and also against the 
lethal action of serum (7,8). Brucella organisms 
in an extracellular position are readily destroyed 
by antibiotics, and by fresh serum. Prompt elimi- 
nation of Brucella from the tissues of the host ap- 
pears to depend, in part at least, upon dislodging 
the bacteria from their intracellular localization. 
The report on experimental tuberculosis by Hart 
and Rees (9) suggested that the host-parasite re- 
lationship in brucellosis could be disrupted by 
cortisone, and Brucella organisms would then be 
liberated from the cells of the host. The patho- 
genesis of brucellosis simulates that of tuberculo- 
sis in many respects. Of primary importance is 
the tendency of both tubercle bacilli and Brucella 
to localize in macrophages. Hart and Rees (9) 
demonstrated that cortisone enhanced both acute 
and chronic tuberculosis in mice. There was more 
dissemination of the infection in the cortisone- 
treated animals ; the individual lesions showed more 
necrosis and caseation, and contained many more 
tubercle bacilli than were found in the non-treated 
control animals. 
liminary 


Contrary to expectations, pre- 
revealed that cortisone 
caused a marked proliferation and dissemination 
of Brucella organisms in animals with acute bru- 
cellosis, but the steroid did not provoke any de- 
monstrable changes in the animals with chronic in- 
fections (10). The present studies also provided 
information for investigations on the influence of 
adrenocorticotropic hormone in human subjects 


observations 


having acute or chronic Brucella infections. 


THE INFLUENCE OF CORTISONE AND ADRENOCORTICO- 
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I. CORTISONE 


METHODS OF STUDY 


The effect of cortisone on experimental acute and 
chronic brucellosis was studied in mice, guinea pigs, and 
rabbits. Infections were established with a representa- 
tive strain of Brucella abortus, Brucella suis, and Brucella 
melitensis, all of which had been isolated from human 
sources. White male mice weighing approximately 20 
The guinea pigs were all males and 
averaged 300 gm. in weight, while white male rabbits 
weighing around 2 kg. were studied. An animal was con- 
sidered to have had an acute infection when but five to 15 
days had elapsed from the time the bacteria were first 
introduced. A 
month or more had elapsed. 


gm. were used. 


chronic infection was indicated when a 
A suspension of cortisone, 
containing 25 mg. per ml., was injected intramuscularly 
into the alternating from day to day. 
Sterile physiologic saline solution was injected into con- 


trol animals. 


thighs, sides 
Two different dosage schedules were em- 
ployed in the animals with acute infections. Under the 
first schedule, cortisone was administered for three to 
five days prior to the establishment of infections, and then 
for five days to two weeks afterwards. Animals were 
pretreated with cortisone in a manner similar to that of 
Mogabgab and Thomas (11), who reported that rabbits 
were more susceptible to infections with group A hemo- 
The 
second schedule of cortisone therapy was started simul- 
taneously with the infection and treatment carried out 


lytic streptococci when pretreated with cortisone. 


for two weeks. In the chronically infected animals, cor- 
tisone was administered for five days to two weeks. 

At the completion of treatment in each group, all 
of the animals were sacrificed with chloroform. Forty- 
eight hours prior to death in the guinea pigs and rabbits 
Brucella antigen (Brucellergen) was introduced intra- 
dermally on the abdomen and evidence of a skin reaction 
ascertained at the time of sacrifice. Each guinea pig was 
given 0.15 ml. of Brucellergen and each rabbit 0.1 ml. of 
Brucellergen. Blood from the hearts 


cultural and for 


was obtained for 
Brucella agglutination tests. 
Trypticase-soy broth! was used for blood cultures. 


purposes 


RESULTS 
Influence of cortisone on the tissues of normal 
animals 
When 0.25, 0.5, or 1.0 mg. of cortisone was in- 
jected daily into mice, each of these doses produced 


1 Baltimore Biological Laboratory, Baltimore, Maryland. 


| 
| 
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side effects such as decreased physical activity, others (14,15). The adrenals were also reduced 
ruffling of the fur, weight loss, and occasional in weight. 

diarrhea. The gross and microscopic changes in 
the livers, kidneys, and lungs were similar to those 
deseribed by Antopol (12), and consisted of dis- Mice. 
seminated abscesses, which could be differentiated — mg. of cortisone daily for five days and then in- 
jected intravenously with approximately 100 mil- 


Influence of cortisone on acute brucellosis 


A group of mice were pretreated with 1 


from the granulomatous reaction caused by Bru- 
cella. When a dose of 10 mg. of cortisone was ad- lion Br. suts 
were also observed as seen in Table I, A. It was 


intended to continue the daily injection of corti- 
sone for two weeks after the animals had been in- 


organisms. Suitable control mice 


ministered daily to guinea pigs no side effects were 
elicited, and there were no abscesses noted in the 
tissues. A dose of 12.5 mg. daily of cortisone given 
to rabbits induced a marked lipemia (13). The fected, but this dose was too toxic, and the 
caused an enlarged and animals died before this period of time. Approxi- 
mately the same numbers of Brucella were recov- 


administered hormone 
friable liver with a glossy appearance, and the 


ered from the livers and spleens of the cortisone- 


hepatic cells appeared swollen with a clear cyto- 
plasm and the nucleus situated at the periphery. 
In all three species, cortisone caused a reduction 


treated group as from the saline-treated animals. 


Gram-negative coliform organisms were cultured 


in the size of the spleens, which has been noted by — from the livers and spleens of the uninfected corti- 


PABLE 


The influence of cortisone on acute brucellosis in mice 
A 
Animals pretreated with 1 mg. of cortisone daily for 5 days before being infected with Brucella suis and then treated 


for 5 more days after being infected. A control infected group of mice was similarly treated daily with 0.04 ml. of sterile 
physiologic saline solution instead of cortisone. Another control group, but uninfected, was treated with cortisone. 


. | | No. of animals | 
No. of animals No. of anima No. of microscopic lesions per 


( Number t | 10 low power fields in 
days 0 otal days part's 
of animals treatment (of infection! blood at time = ; \ 
of death Liver | Spleen | Liver | Spleen | Kidney Lung 
i] Infected —Cortisone 20 10 5 0/0 0.055 | 7/20 8/20, 195 0 0 0 
Infected— Saline 20 19 15 6/10 0.403 7/20. 11/20 9 0 0 0 
Uninfected-——Cortisone 9 14 0 00 0.050 0/5 0/5 3 0 0 0 


B 

Animals pretreated with 0.5 mg. of cortisone daily for 3 days before being infected with Br. suis and then treated for 7 
more days after being infected. A control infected group of mice was similarly treated daily with 0.02 ml. of saline 
solution instead of cortisone. Another control group, but uninfected, was treated with cortisone. 


Infected—Cortisone 26 10 7 7/7 0.132 8/22 | 8/22 87 0 0 2/26 
Infected-—Saline 9 11 8 7/7 0.368 7/9 7/9 13 | O 0 0/9 
Uninfected—Cortisone 4 10 0 0 0/4 0/4 o |; * 0 0/4 


Animals splenectomized one vear previously; pretreated with 0.5 mg. of cortisone daily for 5 days before being infected 
with Br. sus and then treated for 6 days more after being infected. A control infected group was similarly treated daily 


with 0.02 ml. of saline solution instead of cortisone. 


n 


Infected—— Cortisone 6 


110 1 6 
Intected— Saline 4 11 6 27 10 8 


Treatment with cortisone started at the same time that animals were infected with Br. suis. One mg. of cortisone was 
given daily for average of 12 days; a control group of infected animals received 0.04 ml. of saline solution. 


0.069 | 4 0 74 0 0 0 
? 


1 
0.267 8 


as 


Infected—Cortisone 10 12 12 
Infected— Saline 8 14 14 


= 
. 
a 
| 
| 
if 
> 


INFLUENCE OF CORTISONE 


sone-treated control animals that died. Gross ab- 
scesses were noted in the livers, spleens, and lungs 
of all the animals treated with cortisone. Bru- 
cella were recovered from only the livers and 
spleens. The outstanding observation in this ex- 
periment was the appearance of the livers in the 
Brucella-infected mice that had received cortisone ; 
they were riddled with abscesses, many displaying 
such a degree of necrosis that structural detail was 
obliterated. The pronounced destruction of the 
hepatic tissue caused by cortisone was in marked 
contrast to the benign type of lesion induced by the 
injection of saline solution in which an occasional 
cellular infiltrate occurred without necrosis. The 
contrasting appearance of the hepatic lesions in 
the saline-treated and the 
treated animals can be seen by comparing Figures 


animals cortisone- 
land 2. Giemsa-stained preparations of the livers 
from the cortisone-treated group revealed a strik- 
ing appearance. The lesions appeared to be 
teeming with massive numbers of small, gram- 
negative, cocco-bacillary organisms, arranged in 
clumps, and giving the typical appearance of Bru- 


cella, That these organisms were Brucella was 


proved by isolation on agar media. The cytoplasm | 


of the hepatic cells was packed with organisms. 
Many Kupfer cells also contained similar bacteria. 
In the livers from several animals, there were 
clumps of organisms in the hepatic sinusoids with 
In the 
saline-treated infected animals, only rare bacteria 


no apparent cellular reaction around them. 


Fie. 1. 
SIS IN THE Liver oF A Mouse Inrectep with Br. suis 


Focat INFLAMMATORY LESION WITHOUT NECRO- 


AND PRETREATED WITH SALINE SoLwution 


Hematoxylin and eosin, 300 *. 


AND 


ACTH ON BRUCELLOSIS, I 


Fic, 2. 
sis oF Hepatic Lesions oF Mouse PRETREATED WITH 1 
MG. or Cortisone Datty For Five Days AND THEN IN- 
FECTED WITH Br, suis 


MassIvE INFLAMMATORY REACTION AND NECRO- 


Hematoxylin and eosin, 300 » 


were seen, and then only after considerable search- 
ing. When bacteria were present they were ob- 
served in the individual lesions, and none were 
seen in the parenchymal cells. In the uninfected 
cortisone-treated controls, bacteria were seen only 
in the abscesses. There was no essential differ- 
ence noted in the gross and microscopic appearance 
of the spleens from the mice 
The 


srucella-infected 
treated with cortisone or with saline solution. 
extensive hepatic involvement was absent. 
Because a pretreatment dose of 1 mg. of corti- 
sone daily for five days proved to be too large, 
smaller doses of 0.5 and 0.25 mg. were administered 
daily, but even these doses proved too large since 
the animals died before the expiration of the two 
weeks’ period of treatment. It was then decided 
to reduce the pretreatment time from five to three 
days in a group of mice infected with Brucella, giv- 
ing 0.5 mg. of cortisone daily for three days. This 
schedule also resulted in the premature deaths of 
the animals. The data of this experiment are pre- 
sented in Table 1, B. Br. suis was recovered from 
the heart's blood of all the sacrificed, infected ani- 
mals. It is to be noted that the spleens of the corti- 


sone-treated animals were three times smaller 
than those that had received saline solution, but 
the spleens of the animals that had received 0.5 mg. 
of cortisone were twice as large as the spleens of 


Ab- 


scesses were noted in the spleens and livers of the 


the mice given 1 mg. of cortisone daily. 
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TABLE 
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The influence of cortisone on acute brucellosis in guinea pigs 


A 


Three animals pretreated with 10 mg. of cortisone daily for 5 days, and then one infected with Br. melitensis, one with 


Br. suis, and one with Br. abortus. 
mals treated in same way with salirie solution. 


No. of animals} Average 


lreatment continued with cortisone for 5 more days. Three similarly infected ani- 


No. of animals 


No. sroscopic lesions 
with Braces No. of microscopic lesions per 


16 low-power fields in 


| Average Average | with Brucella wt. of od f 
Group | days of days; in heart's | spleens, cultured from 
oF animals’ treatment infection| blood at time | grams 
of death J Liver | spleen Liver | Spleen | Kidney! Lung 
Infected—Cortisone 3 10 5 0/3 0.92 2/38 4 3/3 7 0 0 0 
Infected—Saline 3 10 5 0/3 / 0.88 2/3 3/3 1 0 0 0 


Animals pretreated with 10 mg. of cortisone daily for 5 days, infected with Br. suis, and then treated for an average of 


11 days more. A control group of infected animals was treated in similar manner with daily injections of saline solution. 


Infected—Cortisone 5 16 11 
Infected—Saline 5 19 14 


cortisone-treated group, and many more colonies 
of Br. suis were recovered from the organs of these 
animals than from the saline-treated group. The 
extent of liver injury was less in the group of ani- 
mals receiving 0.5 mg. of cortisone daily than in 
those treated with 1 mg. daily. Though there was 
more cellular infiltration in the cortisone-treated 
than in the saline-treated group, extensive hepatic 
necrosis and marked reproduction of brucella cells 
were absent. 

Since the administration of cortisone to mice was 
uniformly associated with a marked diminution 
in the size of the spleen, this gave rise to specula- 
tion concerning the effect of cortisone on the course 
of brucellosis splenectomized mice. Nine 
healthy mice splenectomized more than a year 
previously were available for study. Five were 
pretreated for five days with 0.5 mg. of cortisone 
daily, and four received saline solution, After in- 
fection with Br, suis, treatment was continued for 
six more days and the animals were sacrificed. The 
results are presented in Table I, C. Brucella or- 
ganisms were recovered from the heart's blood 
of all nine animals, and more colonies were isolated 
from the livers of the cortisone-treated animals. 
Microscopically, the liver, kidneys, and lungs 
from all the splenectomized mice showed much 
more extensive involvement by Brucella than has 
been described elsewhere for intact animals (16). 
While the livers of the splenectomized animals 
treated with cortisone displayed more lesions, 
there was no essential difference in the histologic 


3, 
3 


appearance of the two groups. There was an ab- 
sence of highly destructive and necrotic hepatic 
lesions, and lack of evidence of marked prolifera- 
tion of the Brucella organisms. 

In all the preceding experiments, mice were 
treated with cortisone before infecting them with 
Brucella. Observations were made with a group 
of animals in which the institution of an infection 
and treatment with cortisone or saline solution 
were initiated simultaneously. Infected mice re- 
ceived 1 mg. of cortisone daily for a mean sur- 
vival time of 12 days. The results are presented 
in Table I, D. More colonies of Brucella were 
cultured on agar plates from the livers of the cor- 
tisone-treated animals than from the saline-treated 
controls. In addition, more extensive involvement 
of the livers was noted in the cortisone-treated 
group, but the hepatic necrosis, evidence of sup- 
puration and proliferation of Brucella organisms, 
was not as pronounced as in the animals that had 
been pretreated with cortisone. 

Guinea pigs. Braude (17) had previously dem- 
onstrated in this laboratory that each of the three 
species of Brucella produced a different reaction in 
guinea pigs. Therefore, three pairs of guinea pigs 
were treated in the following manner: one animal 
in each pair was pretreated with 10 mg. of corti- 
sone daily for five days, and then each of these 
animals was infected intraperitoneally with Br. 
melitensis, Br, suis, and Br. abortus, respectively, 
and treatment continued for an additional five 
days. Three control anima's were handled in a 
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similar way except that saline solution was given 
instead of cortisone. The results are presented 
in Table II, A. No agglutinins were demonstrated 
in the blood of any of the animals. Although cul- 
tures of the heart’s blood remained sterile, bru- 
cella organisms were recovered from the livers and 
spleens with more colonies being isolated from the 
cortisone-treated group. There was no essential 
difference in the brucella lesions noted in the two 
groups, except in two animals infected with Br. 
suis. In the livers of the saline-treated animals, 
small granulomas without necrosis were observed. 
whereas in the cortisone-treated animals many 
more lesions were seen and necrosis was apparent. 

A larger number of guinea pigs were then pre- 
treated with cortisone and infected with Br. sitis. 
The skin 


of none of the animals reacted to the intradermal 


The results are found in Table IT, B. 
in of Brucella antigen. Brucella organisms 

ere recovered from the heart’s blood of the three 
surviving cortisone-treated animals, and from 
three of five saline-treated guinea pigs. 
tinins were present in all the animals, there being 
no difference between the two groups. The spleens 
of the cortisone-treated animals weighed consider- 
ably less than the saline-control group. Brucella 
cells were uniformly isolated from the organs of 
More colonies were 


Agglu- 


all the animals sacrificed. 
found in cultures from the cortisone-treated group. 
Cultures of the organs of those animals that died 


were overgrown with coliform bacteria. Micro- 
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scopically, the livers and spleens revealed no dif- 
ference between the two groups of animals in the 
number, size, and type of lesions and there was 
no difference in the number of organisms. 
Rabbits. In an exploratory type of experiment 
with each of the three species of Brucella, similar 
to that carried out with guinea pigs, one in each 
of three pairs of rabbits was pretreated with 12.5 
mg. of cortisone daily for five days, infected, and 
then treated for an additional five days. The other 
infected animal in each pair was treated with sa- 
line solution. The summarized in 
Table III, A. The intradermal reaction to Bru- 
cella antigen was positive in the three saline-treated 
rabbits, but only slightly positive in one of the 
cortisone-treated animals and absent in the other 


results are 


two. There was also a significant reduction in the 
agglutinin titer of the cortisone-treated animals 
The 


weight of the spleens was markedly reduced in the 


compared to those receiving saline solution. 
cortisone-treated group. Cultures of the organs 
from all the rabbits yielded Brucella, with more 
The 


only significant changes in the tissues occurred in 


colonies from the cortisone-treated animals. 
the livers. In the saline-treated group, there were 
small granulomas without necrosis, but in the cor- 
tisone-treated rabbits the number of lesions was 
not only increased, but considerable necrosis of the 
hepatic cells with an infiltrate of polymorphonu- 
Bac- 


teria were seen only in the hepatic lesions of the 


clear neutrophiles was apparent (Figure 3). 


TABLE III 


The influence of cortisone on acute brucellosis in rabbits 


\ 


Three animals pretreated with 12.5 mg. of cortisone daily for 5 days, and then one infected with Br. melitensis, one 


with Br. suis, and one with Br. abortus. 


Treatment with cortisone was continued for 5 days more. 


Three similarly 


infected animals were treated in same way with saline solution. 


No. of animals 
with Brucella 
in heart's 
jof infection) blood at time 

of death 


Average 
total days 


Average 
days ot 
treatment 


Number 


Group of animals 


Infected—Cortisone 
Infected—Saline 


No. of animals 
with Brucella 
cultured from 


No. of microscopic lesions per 
Average 10 low-power fields in 
wt. of 
spleens, 
grams 

Liver Spleen Liver | Spleen | Kidney) Lung 


9 0 


Animals pretreated with 12.5 mg. of cortisone daily for 5 days, infected with Br. suis, and then treated with cortisone for 


14 days more. 


Infected—Cortisone 5 18 13 
Infected-——Saline 5 19 14 


Infected control group was treated in similar manner with saline solution. 


4 48 
4) 40 


4/4 4 
5/5 8.12 3/5 
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Fic. 3.) Liver From PreTREATED witH 1 Moe. 
or Cortisone Dartty For Five Days AND THEN INFECTED 
WITH 
INFECTION 


Br. suts. ANIMAL Sacrivicep ON Firtu Day oF 
Note the clear parenchymal cells with nuclei at the side. 
Several small granulomata with central necrosis. Hema- 


toxylin and eosin, 60 » 


cortisone-treated animals that had been infected 
with Br. melitensis and Br. suis. Organisms were 
noted in the hepatic cells of the rabbits infected 
with Br. melitensis. 

A larger group of rabbits was then pretreated 
with cortisone, infected with Br. suis, and then 
treated for another two weeks. One cortisone- 


treated rabbit died on the eighth day of the infec- 


Fic. 4.) Liver rrom Prerrearep with SALINE 


SOLUTION AND THEN INFECTED Witn Br. suis 
Animal sacrificed after infection had endured for two 
and no 
polymorphonuclear leukocytes are included the  in- 
filtration. 


weeks. Lesion shows an absence of necrosis 


Hematoxylin and eosin, 300 
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tion, and two were critically ill at the time they 
were sacrificed on the fourteenth day. Just prior 
to death the Brucella skin test was negative in all 
the animals. Colonies of Br. suis were recovered 
from the bloods of all the animals that had sur- 
vived the infection for two weeks (Table III, B). 
Agglutinins for Brucella were present in all the 
animals, and there was no difference in titer be- 
tween the cortisone- and saline-treated groups. 
The weights of the spleens in the cortisone-treated 
animals were considerably reduced compared to 
the saline-treated controls. Colonies of Br. suis 
were cultured from the livers and spleens of all 


Hepatic Lesion 1N RaApsit PRETREATED WITH 
CorTISONE FOR Five Days AND THEN INFECTED WITH 
Br. suits 


Fic. 5. 


after infection had endured for 
At the periphery of the lesion there are 
with in- 


Hematoxylin 


Animals sacrificed 


two weeks. 


mononuclear cells. There is central necrosis 


filtration by polymorphonuclear leukocytes. 
and eosin, 300 


the cortisone-treated rabbits, and in greater num- 
bers than were obtained from the saline-treated 
animals. The only significant lesions seen were 
in the livers. While the number of lesions was 
approximately the same in the cortisone and the 
saline-treated groups, the hepatic lesions in the 
cortisone-treated animals showed more necrosis 
and infiltration with polymorphonuclear leuko- 


cytes (Figures 4and 5). 

Influence of cortisone on chronic brucellosis 
Mice. Mice were each infected with 100 mil- 

lion colonies of Br. suts, and then after a month 

were given 1 mg. of cortisone daily for a mean 
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TABLE IV 
The influence of cortisone on chronic brucellosis in mice 
A 
After being infected with Br. suis one month previously, the animals were injected with 1 mg. of cortisone daily for 
an average of 11 days. Control infected animals were treated in similar manner with saline solution for 14 days. 


| No. of animals 


| No. of animals| Average 1 with Bricella No. of microscopic lesions per 


| 
| Average | Average 


: with Brucella 10 low-power fields in 
Group days of |totaidays| inheart’s | “ cultured from 
treatment infection} blood at time | 
| | | Liver | Spleen | Liver | Spleen | Kidney, Lung 
Infected— Cortisone 12 | 11 ; 41 0/ 0 0. 101 | 1/12 | 0/12 10 | O 0 12 | 0 12 
Infected— Saline 12 14 44 1/11 | 0.176 | 2/12 | 4/12 7 0 2/12 | 1/11 


B 

Mice that had been infected with Br. melitensis, Br. suis, or Br. abortus 10 to 12 months previous to receiving 4 mg. of 
cortisone daily for average of 9 days, or 0.16 ml. of saline solution for average of 14 days. Two uninfected control mice 
received 4 mg. of cortisone daily for an average of 11 days. 


Infected—Cortisone 11 9 10-12 071" 0.122 | 2/11 |} 3/9 | 5/11 0 0/11} O 
mos. | 
Infected—Saline 11 14 | 20-12 | 1/8* 0.304 | 2/11 | 0/9 | 4/11 0 | 3/11] 
| mos. 


11 


Uninfected—Cortisone 


* Blood from tail. 


survival time of 11 days. Infected control mice tion survived the planned period of two weeks 
were treated with saline solution. The data are with therapy. An attempt was made to obtain 
presented in Table IV, A. The spleens of the blood cultures from each animal toward the end 
cortisone-treated group were smaller than those , of the period of treatment by clipping the tail and 
receiving saline solution. But the outstanding allowing one or two drops of blood to fall on an 
feature was the lack of difference in the appearance agar plate. Only one positive blood culture was 
of the hepatic lesions in the two groups. Only oc-  obtained—from a cortisone-treated animal from 
casional granulomas were noted, and no bacteria which Br. abortus was recovered, At the time 
were seen. The administration of relatively large the animals were sacrificed, an endeavor was made 
doses of cortisone did not appear to alter the course — to obtain sufficient blood for the agglutination re- 


of a chronic Brucella infection. action and for blood cultures. No agglutinins 

A heterogenous group of mice infected and kept were demonstrated in the bloods of two cortisone- 
in the laboratory for 10 to 12 months were treated — treated animals, while four of nine mice that had 
as follows: nine mice were infected with Br. meli- — received saline solution showed a mean titer of 1 
tensis, five receiving 4+ mg. of cortisone daily to 320. The heart's blood of one cortisone-treated 
and three, 0.16 ml. of saline solution; five mice animal was cultured and yielded no Brucella or- 
were infected with Br. abortus, two receiving cor- ganisms, whereas colonies of Brucella were  re- 
tisone and two, saline solution in the same doses as covered from one of the eight saline-treated mice. 
above; four mice were infected with Br. abortus The mean weight of the spleens of the infected 
following splenectomy, two receiving cortisone and — cortisone-treated group was considerably less than 
two saline solution; four mice were infected with the saline-treated mice. Cultures of the organs 


Br. suis, two receiving cortisone and two, saline — for Brucella were positive in three of the cortisone- 
solution. In addition to these 22 mice, two ad- treated group; two of the animals having positive 
ditional uninfected animals served as controls, each — cultures from both the livers and spleens, and one 
receiving 4 mg. of cortisone daily. The data are from the spleen alone. In the saline-treated group, 
summarized in Table IV, B. The mean survival Brucella was isolated from only the livers of two 
time of the cortisone-treated, infected animals was of the animals. Various coliform organisms were 
nine days, whereas that of the cortisone controls recovered from the organs of the uninfected corti- 
was 11 days. All the animals receiving saline solu- — sone-treated controls. There was no difference in 


953 
i 
| 
4 
a, 


ROBERT ABERNATHY AND WESLEY 


TABLE V 
The influence of cortisone on cirronic brucellosis in guinea pigs 
One guinea pig infected with Br. melitensis, one with Br. suis, and one with Br. abortus. 


were treated with 10 mg. of cortisone daily for 14 days. Three control animals, infected 
saline solution. 


After one month, animals 
similarly, were treated with 


No. of animals 
with Brucella 


ae Average No. icroscopic lesions per 


Number 
Group ot 
animals 


Days of 
treatment 


Days ot 
intection 
Betore 
treatment 


Infected 


Cortisone : 2/3 
Infected 


Saline k 1 


the appearance of the splenic and hepatic lesions 
in either the cortisone-treated animals or in the 
saline group. Very few hepatic lesions were found 


in any of the animals, regardless of the type of 


therapy. When lesions were present, they con- 
sisted small granulomas composed of mono- 
nuclear and epithelioid cells, but without giant 
cells, necrosis or polymorphonuclear leukocytes. 
Kach spleen from the infected animals contained 
giant cells and a reduced number of germinating 
follicles, which varied from animal to animal, but 
there was no correlation between the appearance 
of the lesions and the type of therapy. 

Guinea pigs. Three pairs of guinea pigs were 
infected intraperitoneally with approximately one 
billion Brucella cells; one pair receiving Br. sits, 
one pair Br, melitensis, and one pair By, abortus. 
One month later, one animal in each pair was 
treated with 10 mg. of cortisone daily for 14 days, 


and the three control animals were given saline 


TABLE 


After 
treatment 


wt. of cultured from 10 low-power fields in 
spleens, 
grams 

Liver Liver Spleen Kidney) Lung 
3 /3 3 3 0 
3 /3 


9 0 0 


solution. Just prior to starting therapy, and at 
the conclusion of five days of treatment, blood was 
obtained from each animal by cardiac puncture for 
Table V sum- 
marizes the results of this experiment. 


cultures and for agglutination tests. 
There was 
no essential difference in the results of blood cul- 
tures obtained before and after treatment with 
either cortisone or saline solution; nor was there 
any significant difference in the agglutinin titers. 
The skin reaction with Brucella antigen was less 
in the cortisone-treated animals. The weights of 
the spleens from the animals that had received cor- 
tisone were less than the saline-treated controls, 
but the differences were not so great as observed 
in the animals having more acute infections and 
treated with cortisone (see Table I], A and II, B) 

Brucella organisms were recovered from the livers 
and spleens in two out of the three cortisone- 
treated animals, and from the organs of all three 
saline-treated controls. There was no significant 


VI 


The influence of cortisone on chronic brucellosis in rabbits 


One rabbit was infected with Br. melitensis, one with Br. suits, and one with Br. abortus. 
Three control animals infected similarly were treated with saline 


were treated with 12.5 mg. of cortisone for 14 days. 
solution. 


Brucella trom heart's 


loo 


Group ‘ 


Days ot 
infection 


Days of 

treatment 
Betore 

treatment 


Cortisone 


Infected 3 
Saline 3 


Infected 


After being infected four months previously with Br. abortus, animals were injected with 
One control animal similarly infected was treated with saline solution. 


for 14 days. 


Cortisone 14 
Saline 14 


Intected 
Infected 


treatment 


After one month, the animals 


No. of animals Ni 
with Brucella 
cultured from 


of microscopic lesions per 


\verage 10 low-power fields in 


wt. ot 
spleens 


After grams 


Liver Spleen Liver | Spleen Kidney! Lung 


0/3 0 0 
1/3 2 0 


of cortisone daily 


0.90 
1.53 


4 
| 
= 
ts 
" 
02 2.44 | 2/3 
137 1/1 1/1 0/1 0/1 0 0 0 
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difference in the number of bacteria obtained from 
the organs of the two groups, nor in the micro- 
scopic examination of the livers, spleens, and 
kidneys. Only a few small lesions in the livers 
were seen. 

Rabbit. Three pairs of rabbits were infected in- 
travenously with about one and one-half billion 
Brucella organisms. One pair received Br. meli- 
tensis, one pair Br. suis, and one pair Br. abortus. 
One month later three animals were given 12.5 mg. 
of cortisone daily for 14 days, and three received 
saline solution. Skin tests performed just before 
the animals were sacrificed resulted in’ smaller 
nodules and less edema in the cortisone-treated 
rabbits than in the saline-treated controls. Blood 
obtained by cardiac puncture just before institut- 
ing treatment and at the time of sacrifice did not 
show any significant difference in the blood cul- 
tures and agglutination tests in the two groups 
of rabbits Table VI, A). The average 
weights of the spleens of the cortisone-treated ani- 
mals were definitely less than the saline-treated 
controls. Cultures of the livers and spleens from 
the animals that had received cortisone did not re- 


(see 


veal any Brucella, whereas these organisms were | 


cultured from the livers of two of three saline- 
treated rabbits and from the spleen of one. A 
very few hepatic lesions were noted microscopi- 
cally, but there was no difference in the appear- 
ance of the lesions in the cortisone-treated and 
saline-treated animals. 

In another experiment with rabbits, animals 
were treated that had been infected for four months. 
Infection was established by the intravenous in- 
jection of Br. abortus in a total dose of 18.75 bil- 
Three 
of the animals were given 12.5 mg. of cortisone 
daily for 14 days, and one was given 0.5 ml. of 
saline solution for the same period. The results 
are presented in Table VI, B. Blood obtained by 
cardiac puncture from the animals before and after 
treatment with cortisone did not contain any Bru- 
cella, but Br. abortus was recovered both times 
from the single saline-treated control. The mean 
blood agglutinin titer of the cortisone-treated ani- 
mals was 1: 1,280 just before treatment, and 1: 160 
at the conclusion of treatment. The titer in the 
one saline control animal was 1 : 2,560 before treat- 
ment, falling to 1: 640 after therapy. The mean 
weight of the spleens in the cortisone-treated 


lion organisms given in five divided doses. 
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animals was much less than that of the saline- 
treated control. No Brucella organisms were re- 
covered from the livers or spleens of any of the 
animals, and no lesions were seen microscopically 


in the livers, spleens, and lungs. 
DISCUSSION 

The primary objective of the foregoing experi- 
ments was to measure the influence of cortisone 
upon the host-parasite relationship in experi- 
mentally infected animals having acute or chronic 
Brucella infections. Comparative observations 
were made in mice, guinea pigs and rabbits in- 
fected with Br. abortus, Br. melitensis, or Br. sits. 
In all three species of animals having an acute 
infection due to Br. suis, cortisone accelerated the 
multiplication of Brucella in the body and aug- 
mented the destruction of tissue, but this enhance- 
ment of bacterial dissemination was not so pro- 
nounced with Br. abortus and Br. melitensis. The 
most striking changes were demonstrated in mice 
having acute brucellosis. Cortisone converted a 
relatively mild infection into a rapidly fatal dis- 
The demonstrated the tissue 
changes induced in these animals. Saline-treated 
control animals infected with Br. suis revealed a 


ease. liver best 


moderate number of granulomatous lesions in 
which little or no necrosis was apparent, and the 
éellular infiltrate included few or no polymorpho- 
nuclear leukocytes. This type of tissue reaction 
represents a good defense mechanism against in- 
vading Brucella. Cortisone abruptly dis- 
astrously altered the host-parasite relationship 
in favor of the invading Brucella. The Brucella 
multiplied rapidly as evidenced by an_ intense 
parasitization of the hepatic parenchymal cells and 
an engorgement of the Kupfer cells by bacteria. 
This was associated with the destruction of the 
hepatic cells, with necrosis, and an infiltration by 
polymorphonuclear leukocytes. The deleterious 
effects of cortisone were accentuated by the larger 
doses and were most apparent in those animals 
which received cortisone for a few days before 
they were infected with Brucella. A similar en- 
hancing effect has been reported by Tempereau 
and his associates (18) in guinea pigs having 
acute infections due to Br. abortus and treated 
with ACTH. It is of interest that in the present 
experiments cortisone did not appear to effect the 


course of the disease in guinea pigs, and it pro- 
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voked only a moderate enhancement of the infec- 
tion in the rabbit. 

In contrast to the effect of cortisone in acutely 
infected animals, the steroid failed to disturb sig- 
nificantly the host-parasite balance in the chroni- 
cally infected animal. Protection of the animal with 
chronic disease against cortisone may have been 
afforded by an acquired immune mechanism 
against Brucella. This immunity could have pre- 
vented the multiplication of Brucella and caused 
the intracellular localization of the remaining or- 
ganisms. While the administration of cortisone 
could result in the liberation of the intracellular 
organisms, an efficient humoral immunity would 
prevent the multiplication of the Brucella and in- 
vasion of other cells of the host. 

Hypersensitivity, as measured by the skin reac- 
tion with Brucella antigen, was suppressed in the 
guinea pig and rabbit by cortisone. Suppression 
of skin reactions in other infections by cortisone 
and ACTH has been observed (19-21).  Corti- 
sone dl not appear to cause a consistent change 
in the titer of Brucella agglutinins, nor did corti- 
sone prevent the appearance of agglutinins in 
acutely infected animals. Neither ACTH nor 
cortisone interfere with the production of pneumo- 
coccic antibodies (22, 23). 

One of the consistent side effects of cortisone 
was the diminution in the size of the spleen in the 
cortisone-treated animals as compared to the sa- 
line-treated group. Ina previous study in mice by 
Braude and Spink (24) it was demonstrated that 
the spleen apparently protects the liver against 
Brucella. The hepatic lesions in splenectomized 
mice were more widespread than in infected con- 
trol animals with spleens. In the present study, 
cortisone did not enhance the damage to the liver 
in splenectomized mice, as compared to the saline- 
treated animals. 


SUMMARY 


1. Cortisone was administered to mice, guinea 
pigs and rabbits having acute or chronic brucellosis 
due to Br. abortus, Br. melitensis, or Br. suts. 
Comparative histopathologic studies of the liver 
and spleen were made, as well as bacteriologic and 
immunologic observations. 

2. The most striking effects of cortisone were 
manifested in mice that had acute brucellosis due 
to Br. suis and that were pretreated with the 
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steroid. Under these circumstances, a relatively 
mild infection in which the liver revealed granu- 
lomatous lesions without necrosis was converted 
into a fulminating and fatal illness with a marked 
increase in the number of hepatic lesions. Quite 
impressive was the necrosis and destruction of 
parenchymal tissue, and Brucella organisms ap- 
peared to be multiplying in ihe hepatic cells and 
engorging the Kupfer cells. 

3. In contrast to the abrupt changes induced 
in the acutely infected animals, cortisone did not 
appear to alter the course of the disease nor the 
tissue reactions in the chronically infected ani- 
mals. It is suggested that an efficient immune 
mechanism protected the animals with chronic 
brucellosis against the enhancing effect of corti- 
sone exhibited in the animals with acute infections. 

4. Dermal hypersensitivity to Brucella antigen 
was suppressed by cortisone in guinea pigs and 
rabbits. Cortisone did not interfere with the ap- 
pearance of Brucella agglutinins in the acutely in- 
fected animals. The titer of agglutinins in animals 
with chronic brucellosis was not consistently al- 
tered by cortisone. 


REFERENCES 


. Fabyan, M., A contribution to the pathogenesis of B. 
abortus, Bang II. J. Med. Research, Boston, 1912, 
26, 441. 

2. Smith, T., A characteristic localization of Bacillus 
abortus in the bovine fetal membranes. J. Exper. 
Med., 1919, 29, 451. 

. Goodpasture, E. W., and Anderson, K., The problem 
of infection as represented by bacterial invasion of 
the chorio-allantoic membrane of chick embryos. 
Am. J. Path., 1937, 13, 149. 

4. Castaneda, M. Ruiz-, Studies on the pathogenesis of 

brucellosis. Proc. Soc. Exper. Biol. & Med., 1947, 
64, 298. 

5. Meyer, K. F., Observations on the pathogenesis of 
undulant fever, in Essays in Biology, San Fran- 
cisco, 1943, University of California Press, pp. 439- 
452. 

. Braude, A. I., Studies in the pathology and patho- 
genesis of experimental brucellosis. II. The for- 
mation of the hepatic granuloma and its evolution. 
J. Infect. Dis., 1951, 89, 87. 

. Magoffin, R. L., and Spink, W. W., The protection 
of intracellular brucella against streptomycin alone 
and in combination with other antibiotics. J. Lab. 
& Clin. Med., 1951, 37, 924. 

8. Shaffer, J. M., and Kucera, C., Studies on the biologic 

significance of the protection afforded intracellular 

brucella. J. Clin. Invest., 1952, 31, 661. 


w 


NI 


ad 
| 
i} 
= 
| 


INFLUENCE OF CORTISONE AND 


. Hart, P. D., and Rees, R. J. W., Enhancing effect of 
cortisone on tuberculosis in the mouse. Lancet, 
1950, 2, 391. 

. Abernathy, R., The effect of cortisone on experimental 
brucellosis. J. Clin. Invest., 1951, 30, 626. 

. Mogabgab, W. J., and Thomas, L., The effects of 
cortisone on experimental infection with Group A 
streptococci in rabbits. J. Lab. & Clin. Med., 1950, 
36, 968. 

. Antopol, W., Anatomic changes produced in mice 
treated with excessive doses of cortisone. Proc. 
Soc. Exper. Biol. & Med., 1950, 73, 262. 

3. Rich, A. R., Cochran, T. H., and McGoon, D. C., 
Marked lipemia resulting from the administration of 
cortisone. Bull. Johns Hopkins Hosp., 1951, 88, 
101. 

. Germuth, F. G., Jr., Nedzel, G. A., Ottinger, B., and 
Oyama, J., Anatomic and histologic changes in rab- 
bits with experimental hypersensitivity treated with 
Compound E and ACTH. Proc. Soc. Exper. Biol. 
& Med., 1951, 76, 177. 

. Molomut, N., Spain, D. M., and Haber, A., The ef- 
fect of cortisone on the spleen in mice. Proc. Soc. 
Exper. Biol. & Med., 1950, 73, 416. 

. Braude, A. I., Studies in the pathology and the patho- 
genesis of experimental brucellosis. Thesis sub- 
mitted to Graduate Faculty, University of Minne- 
sota, 1950. 

. Braude, A. I, Studies in the pathology and patho- 
genesis of experimental ‘s-ucellosis. I. Compari- 


i] 


ACTH ON BRUCELLOSIS. 1 957 


son of the pathogenicity of Brucella abortus, Bru- 
cella melitensis and Brucella suis for guinea pigs. 
J. Infect. Dis., 1951, 89, 76. 


. Tempereau, C. E., Rawlings, B., Lack, A., and Car- 


penter, C. M., Effect of ACTH on experimental 
brucellosis in guinea pigs. Ann. West. Med. Surg., 
1951, 5, 997. 

. Derbes, V. J., Dent, J. H., Weaver, N. K., and 
Vaughan, D. D., Response of tuberculin skin test 
to ACTH and cortisone in tuberculous guinea pigs. 
Proc. Soc. Exper. Biol. & Med., 1950, 75, 423. 


. Sheldon, W. H., Cummings, M. M., and Evans, L. 


D., Failure of ACTH or cortisone to suppress tu- 
berculin skin reactions in tuberculous guinea pigs. 
Proc. Soc. Exper. Biol. & Med., 1950, 75, 616. 

. Long, J. B., and Favour, C. B., The ability of ACTH 
and cortisone to alter delayed type bacterial hy- 
persensitivity. Bull. Johns Hopkins Hosp., 1950, 
87, 186. 

. Kass, E. H., Ingbar, S. H., and Finland, M., Effects of 
adrenocorticotropic hormone in pneumonia: Clini- 
cal, bacteriological and serological studies. Ann. 
Int. Med., 1950, 33, 1081. 

. Mirick, G. S., The effect of adrenocorticotrophic hor- 
mone and cortisone on antibody production in human 
beings. J. Clin. Invest., 1950, 29, 836. 

. Braude, A. I, and Spink, W. W., Studies in the 
pathology and pathogenesis of experimental brucel- 
losis. III. Investigations pertaining to the function 
of the spleen. J. Infect. Dis., 1951, 89, 272. 


SPECIAL NOTICE TO SUBSCRIBERS 


Post Offices will no longer forward the Journal when you move. 


Please notify The Journal of Clinical Investigation, Business 
Office, 622 West 168th Street, New York 32, N. Y. at once when 
you have a change of address, and do not omit the zone number if 
there is one. 


|S 
1 
19 
1 
21 
1 
23 
1 
24 
1 | 
an 
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It has been established that Brucella organisms 
localize intracellularly within the tissues of animals 
and human beings (1-6). As pointed out else- 
where (7, 8), the majority of patients with bru- 
cellosis recover from their illness within a year. 
While there is no doubt that the duration of the 
illness in the majority of patients is considerably 
shortened by the administration of antibiotics, 
there still remains a small but significant number 
of patients who continue to have manifestations 
of active infection after what is considered to be 
adequate therapy (9). There is evidence that the 
chronicity of the disease may be due to the con- 
tinued parasitization of the tissue cells by brucella 
organisms. Although effective therapeutic agents 
are available for brucellosis, in vitro investigations 
have demonstrated that Brucella organisms located 
in the cytoplasm of the cells of the host are pro- 
tected against the action of the antibiotics, and 
also against the antibacterial action of serum (10, 
11). 

In tuberculosis, the invading bacilli tend to local- 
ize within the cells of the host, and possibly multi- 
ply there (12). Furthermore, it has been demon- 
strated in tissue cultures that the extracellular 
organisms of Mycobacterium tuberculosis are 
readily destroyed by streptomycin, but those bacilli 
within the macrophages are protected against the 
lethal action of the drug (13). Hart and Rees 
(14) have reported that tubercle bacilli are widely 
disseminated in mice with acute and chronic tu- 
berculosis following the administration of corti- 
sone. Apparently, the dissemination of tubercle 


1 Reviewed by the Veterans Administration and pub- 
lished with the approval of the Chief Medical Director. 
The statements and conclusions published by the authors 
are the result of their own study and do not necessarily 
reflect the opinion or policy of the Veterans Adminis 
tration. 


bacilli from localized areas as a result of treatment 
with cortisone is not controlled by an extracel- 
lular immune mechanism, since the organisms 
multiply and invade other cells. Abernathy and 
Spink (15) observed that the administration of 
cortisone in mice having acute brucellosis results 
in the dissemination and multiplication of Bru- 
cella organisms, and a fulminating and fatal in- 
fection ensues. However, in the chronically in- 
fected animal, cortisone was without demonstrable 
effect, probably due in part to an efficient immune 
mechanism that prevented multiplication of the 
bacteria and invasion of other cells of the host. 

Although experimental and clinical observations 
have demonstrated quite clearly that the continued 
illness of both animals and human subjects can 
be due to the persistence of Brucella organisms in 
the tissues, it has been difficult to demonstrate the 
intracellular localization of the Brucella. An 
analogous situation occurs in rickettsial diseases. 
It is an accepted fact that the rickettsiae invade the 
host's tissue cells, but demonstration of the intra- 
cellular position of the parasites in human material 
is often accomplished only after extensive search. 
Accepting the thesis that Brucella organisms lo- 
calize and persist intracellularly, ACTH was ad- 
ininistered to a group of patients having an acute 
or chronic illness due to Brucella in the anticipation 
that the organisms would be released from their 
intracellular location. It was further anticipated 
that the extracellular bacteria would be destroyed 
by bactericidins alone, or with the aid of antibiotic 
therapy. 

Although the primary purpose in administering 
ACTH to chronically ill patients was to determine 
if Brucella organisms would be liberated from foci 
in the body, another objective was to observe the 
influence of the steroid on the symptomatology that 
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frequently persists in patients who have had an 
acute attack of brucellosis. These subjective man- 
ifestations consist of weakness, mental depression, 
nervousness, anorexia, and vague somatic aches 
and pains. 


As discussed elsewhere (7), one 
cannot always be certain whether these complaints 
represent the residuals of a previous infection or 


whether they indicate the presence of a continuing 
infectious process. There existed the possibility 
that, whatever the genesis of the symptomatology, 
the chronically ill patients might not only be tem- 
porarily benefited by ACTH, but a better state of 
health might ensue after its discontinuance. 


Laboratory data 


= data obtained just prior to 


AND ACTH ON 


TABLE I 
Pertinent data of fen with scinsdeasmenaed given ACTH 


| Br. abortus 
| Br. abortus 
Br. abortus | 


BRUCELLOSIS. 


METHODS OF STUDY 


Seven male patients received ACTH.2 Two of the 
seven patients had acute brucellosis, that is, an illness of 
less than three months’ duration. The remaining five 
patients had a chronic iliness with symptoms enduring 
for many months. ACTH was administered parenterally 
in doses of 20 to 25 mg. every six hours for seven to 14 
days. Just prior to receiving ACTH, several procedures 
were carried out on the patients as a control on the in- 
fluence of ACTH. Specimens of venous blood were ob- 
tained and added to trypticase-soy broth for cultural pur- 
poses. The agglutination test was performed with the 
serum utilizing the tube-dilution technique and a Brucella 
abortus antigen supplied by the Bureau of Animal In- 


2 2 Supplied by Armour Laboratories. 


| Before ACTH Daring god after 
of Occupa- mptoms | ACTH Comment 
5 tion before dose 
pt lr receiving, | 
ACTH | Recipro- | Recipro- | 
| cal ot | Blood | calof | Blood 
| | | menee lla | culture | Brucella} culture | 
| titer titer | 
1 30. "| Laborer,| 6 weeks 640) | Br. abortus | 640 | 0,0,0,0 | 20 mg. Improvement; no relapse; good health 12 
Male, meat | | 0, 0,0 4 times months later. 
packing | | | | | daily for 
plant | | 10 days 
2 34 | | Farmer 8 weeks 1.2801 | | Br. abortus | | 1,280 | Br. abortus | 25 mg. Immediate and marked improvement, al 
Male’ Br. abortus | | 1.280 | Br. abortus | 4 times though blood cultures remained positive. 
| | | | Br. abortus | | Br. abortus | daily for Subsequent treatment with combined aureo- 
| ot | Br. abortus | 11 days | mycin and dihydrostreptomycin. Recovery, 
| | | Br. abortus | and good health tor 3 months. 
Br. abortus 
| Br. abortus 
| | i | Br. abortus 


3 | Farmer | 9 months 1,280 | Br. +160 0. 0, 0, 0 20 mg. Improven ment; increase in strength: no 
| Male 1,280 Br. abortus | | 4 times | working 12 months later. Mild complaints. 
| 320 | | | daily for | 
| | 160 | 0 | one week | 
| | [0,0,0,0| | | | | 
4 54 | Farmer | 3 months | 640. 0.0.0 | 640 | 0,0,0,0 | 25 mg. r Improvement; relapse of symptoms in 2 mos. 
Male | 0, 0, 0,0 4 times Had positive serology for syphilis and fracture 


0. 0. 0. 0 daily for | of right ankle. 


| | 10 days 
5 | 56 | Farmer | 27 months 640 | Br. abortus 160 | 0, 0,0,0 25 mg. | Improvement; relapse in few days. Given 
Male 2,560 | Br. abortus | 320 | 0,0,0 4 times aureomycin. Working 12 months later—still 
| | | 640 0,0, 0. 0,0, | | | daily for has aches and pains. 
we | | | 14 days 


6 35 Electri- | 16 months 320 Br. 1,280 0,0,0,0 20 mg. | no . good health 
35,, cian, 640 Br. abortus 1,280 0, 0,0 4 times for 9 mos., then entered hospital for sponta 
| meat 320 | daily for neous pneumothorax. Recovery. 
| packing 640 | 10 days 
| plant 320 | 
| | 640 | | 
| | | } | 
7 51 Farmer 9 months 160 0.0.0 160 0 | 32.5 mg. | Patient had destruction of glenoid process of 
Male) | tt 4 times | right shoulder resulting in shoulder-hand syn 
} daily for drome and disability. Simultaneous with 
| 14 days ACTH received 0.5 gm. aureomycin 4 times 


daily for 3 weeks along with 0.5 gm. dihydro 
streptomycin twice daily for 2 weeks. Marked 
improvement which has continued for 3 mos. 
since treatment. Now back at work. 


stration of ACT H. 
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Fic. 1. A. C., 30-YEAR-O_p Wuite EMPLOYEE OF A MEAT PACKING PLANT, 
TREATED with ACTH 

Note positive blood culture due to Br. abortus before receiving ACTH and 

sterile cultures during and after administration of ACTH. No relapse 


within follow-up period of one year. 


dustry. Incubation in a water bath at 37° C. was carried 
out for 24 to 48 hours. Total leukocyte and differential 
counts were made. These same procedures were re- 
peated during and after the course of treatment with 
ACTH. While the patients were receiving ACTH, the 
influence of the hormone on dermal hypersensitivity to 
Brucella antigen was determined. The patients were 
then checked periodically for a minimum of three months, 
and up to a year, before this report was prepared. 


RESULTS 

Pertinent data relating to each patient are pre- 
sented in Table 1 with a comprehensive and de- 
tailed history in order to eliminate any doubt 
about the nature of the illness, and to portray the 
difficult problem of contending with the more 


chronically ill patients. 


ACTH 1m acute brucellosis 

Case 1. A.C, a 30-year-old white man was admitted 
to the hospital because of chills, fever, sweats, and weak- 
ness of one month’s duration. Approximately six months 
prior to the onset of his illness he had terminated his 
employment in a meat packing plant, where he was 
daily exposed to the tissues of cattle condemned for 
slaughter because of Bang’s disease. He had been treated 
successtully for a brief period with aureomycin. He had 
a temperature of 103° F. and a pulse rate of 118 per 
minute. The only abnormalities noted were slightly en- 
larged cervical lymph nodes, and bilateral tenderness of 
the testicles. He had a total leukocyte count of 5,600 cells 
per cu. mm. with 51 per cent neutrophiles and 44. per 


cent lymphocytes. The erythrocyte sedimentation rate 
(Westergren) was 23 mm. in one hour. Brucella agglu- 
tinins were present in a titer of 1 to 640. One of three 
blood cultures yielded Br. abortus. 

Aiter a brief period of observation at bed rest the pa- 
tient was given 25 mg. of ACTH subcutaneously four 
times daily for 10 days. A graphic presentation of his 
clinical course is shown in Figure 1. While he was re- 
ceiving ACTH there was no abrupt subjective or ob- 
jective change in the condition of the patient. The tem- 
perature declined by lysis. Five specimens of venous 
blood taken during the period of ACTH administration and 
two obtained after the injections were discontinued re- 
mained sterile. ACTH did not induce any significant 
changes in the agglutinin titer. One interesting labora- 
tory finding was an increase in the leukocyte count to 
14,450 cells during ACTH therapy, with 76 per cent 
neutrophiles and 26 per cent lymphocytes. This is an 
unusual observation during the course of acute brucel- 
losis. The erythrocyte sedimentation remained essentially 
unchanged. During thirty days after the conclusion of 
the injections of ACTH, he remained well and afebrile. 
There were no abnormal physical findings. The titer 
of Brucella agglutinins was 1 to 640, and three speci- 
mens of venous blood obtained on three consecutive days 
remained sterile. In the year following the administration 
of ACTH he had not had a relapse. 

Comment: Contrary to expectations, a febrile 
patient with acute brucellosis and a bacteremia due 
to Br. abortus recovered from his illness following 
the administration of ACTH. The only apparent 

significant hematologic influence of ACTH was 
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an increase in the total leukocyte count and a 
diminution in the number of lymphocytes and 
eosinophile cells. 

Case 2. W. J. K., a 34-year-old white tenant farmer 
had the cnset of an illness eight weeks prior to entering 
the hospital. The initial manifestations were chills and 
a fever of 104° F. He took aureomycin for a brief pe- 
riod of time, and he became afebrile; but he continued 
to feel weak and he had a relapse of chills and fever. 
He then received aureomycin and penicillin, and con- 
comitantly his temperature became normal, but after 
several days there was a recurrence of daily chills and 
fever. Until he presented himself for his final hospital 
admission in Minneapolis the diagnosis of brucellosis had 
not been established. He worked with a large herd of 
high-grade dairy cattle, and although there had not been 
any abortions in the herd for three years, he had assisted 
the local veterinarian in vaccinating the calves twice 
yearly with a viable culture of strain 19 Br. abortus. 
The herd had not been tested recently for Bang’s disease. 

He appeared quite toxic with a temperature of 101.4° F. 
There were no abnormal physical findings other than the 
edge of a tender liver 4 cms. below the costal margin. 
Jaundice was not present. Prior to the administration 
of ACTH the total leukocyte count was 5,000 per cu. mmm. 
with 52 per cent neutrophiles and 46 per cent lympho- 
cytes. The erythrocyte sedimentation rate of 15 mm. in 


one hour was within normal limits. Brucella agglutinins 


were present in a titer of 1 to 1,280. Br. abortus was cul- 
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tured from four specimens of venous blood obtained on 
consecutive days. Liver function studies showed 10 per 
cent bromsulfalein retention, normal serum bilirubin, nor- 
mal prothrombin time, 2+ cephalin flocculation, thymol 
turbidity of 7.6 units and zinc sulfate turbidity of 12.9 
units. Stained sections of sternal bone marrow aspirated 
on the day treatment with ACTH was begun revealed 
multiple granulomas. A section of liver acquired on the 
same day showed localized areas of lymphocytes, epithelioid 
cells, and fibroblasts characteristic of 
inflammation. 

After the patient had been observed in bed for a few 
days, ACTH was administered in a dose of 25 mg. intra- 
muscularly every six hours for 11 days. The course of 
events is presented graphically in Figure 2. Within 15 
hours after the first injection of ACTH his tempera- 
100° F. 
By the fourth day he felt 
At this time the liver was notably smaller 
and the tenderness had abated. He was ambulatory on 
The following day a skin test with a 
carbohydrate fraction of Brucella induced a very slight 
The leukocyte count rose from 3,600 to 7,600 
with 82 per cent neutrophiles. 


granulomatous 


ture returned to normal and was never above 
during hormone treatment. 
much improved. 


the seventh day. 


reaction. 
The erythrocyte sedimen- 
The titer of 
But cultures of the 
blood continued to show the presence of Br. abortus (Fig- 


ure 2). 


tation rate remained within normal limits. 
Brucella agglutinins was the same. 


Liver function tests remained essentially un- 
Sections of the liver obtained at the conclu- 
sion of 10 days’ ACTH administration showed approxi- 


changed. 
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Fic. 2. Case 3. 
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34-YEAR-OLD FARMER TREATED WITH 


ACTH 


Note the drop in temperature coincident with administration of 


ACTH, and persistence of bacteremia due to Br. abortus. 


Treated 


subsequently and successfully with aureomycin and dihydrostrepto- 


mycin. 
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SPECIMEN OF LIVER FROM CASE 2 SHOWING A GRANULOMA OBTAINED 


BEFORE THE ADMINISTRATION OF ACTH 


Hematoxylin and eosin. 350 x. 

mately the same type and extent of cellular reaction as did 
those just prior to the beginning of treatment (Figures 
3 and 4). 
vealed the same appearance of granulomas before and 
after treatment. On the day that ACTH was discontinued 
the patient had no complaints. No physical abnormalities 
Because of the persistent bactere- 
mia and a slight elevation of temperature, simultaneous 
treatment with aureomycin and dihydrostreptomycin was 
instituted. He received 0.5 gm. of aureomycin orally 
Dihydrostreptomycin 
was administered intramuscularly in a dose of 0.5 gm. 
Shortly after this com 
bined treatment was started the bacteremia was eradicated. 
He continued to feel well and has had no further relapses 


Likewise, sections of sternal bone marrow re- 


could be demonstrated. 


every six hours for three weeks. 


every 12 hours for two weeks. 


three months after the conclusion of treatment. 
Comment: The most striking feature was the 
abrupt improvement that occurred within 24 hours 
after the first injection of ACTH. A toxic and list- 
The re- 
markable aspect is that such a state of well-being 


less patient became alert and afebrile. 


persisted although Brucella organisms still could 
Another interesting 
observation was the decrease in the size and tender- 
ness of the liver induced by ACTH, although there 
was no essential change in the inflammatory reac- 
tion. As in Case 1, ACTH influenced the leuko- 
cytes in the peripheral blood with a shift from a 


be cultured from the blood. 


relative lymphocytosis to an increase in the poly- 
morphonuclear cells and an elevation in the total 
leukocyte count. 


ACTH in chronic brucellosis 


Case 3. G. M., a 28-year-old white farmer had had an 
acute illness of two weeks’ duration with chills, sweats, 
Because of a duodenal ulcer he had 


He did 


nausea and vomiting. 
ingested large amounts of unpasteurized milk. 
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Fic. 4. SpecIMEN OF LivER OBTAINED FROM CASE 
AFTER ACTH Hap BEEN ADMINISTERED FOR 11 Days 
There was no essential 
Hematoxylin and 


A granuloma is demonstrated. 
change in the histology of the liver. 
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not know of any Bang’s disease in his herd of cattle, but 
his neighbor's cattle in an adjoining pasture had the dis- 
ease. His temperature was 104° F., and he had lymphad- 
enopathy, hepatomegaly, and an enlarged and_ tender 
spleen. The titer of Brucella agglutinins was 1 to 1,280, 
and Br. abortus organisms were isolated from the blood 
on two occasions. He was given aureomycin, and then 
terramycin, after which his symptoms subsided. The 
spleen was still palpable at the costal margin. Three cul- 
tures of blood taken on consecutive days remained sterile, 
and the titer of agglutinins was 1 to 1,280. A month 
later he was still without symptoms and afebrile, but the 
spleen was just palpable. Brucella agglutinins were pres- 
ent in a titer of 1 to 320, and a blood culture remained 
sterile. Six months later he complained of weakness. 
He was afebrile, and the spleen could not be felt. Two 
blood cultures remained sterile, and the titer of agglu- 
tinins was 1 to 160. 

He was readmitted to the hospital nine months after 
his initial hospitalization because he tired easily. He ad- 
mitted using alcohol excessively. He was afebrile. The 
spleen was not palpable. The total leukocyte count was 
7,000 with 72 per cent neutrophiles and 19 per cent lym- 
phocytes. The erythrocyte sedimentation rate was normal. 
An agglutination test showed incomplete clumping of the 
brucella antigen up to a titer of 1 to 160. Two other 
agglutination tests revealed no agglutinins in his serum. 
Daily cultures of blood for three days remained sterile. 
He was given 20 mg. of ACTH subcutaneously four 
times daily for one week. During this time the patient 
felt stronger, but there were no objective changes noted. 
There were no alterations of the leukocyte counts or of 
the sedimentation rate. On the sixth day of therapy with 


ACTH there was no immediate skin reaction following _ 


the intradermal injection of 0.1 ml. of a 1 to 100 dilution 


of Brucella carbohydrate, and 24 hours later only a mod-* 


erate reaction was seen. A _ skin test with heat-killed 
Brucella cells also showed a moderate reaction of the 
delayed type. After 15 days of hospitalization he was 
discharged. He felt well. When examined three months 
later he still felt well. At this time the antigen was only 
partially agglutinated by his serum in a titer of 1 to 160, 
and two blood cultures remained sterile. He has con- 
tinued in good health for a year. 


Comment: This was the first patient with pre- 
sumed chronic brucellosis who was treated with 
ACTH. Although there is no doubt that he had 
acute brucellosis, there is some question as to 
whether a chronic infection was responsible for his 
ill health at a later time. He felt weak, but he was 
an alcoholic. He had a declining titer of Brucella 
agglutinins, and the test showed incomplete clump- 
ing of the antigen, which is so characteristic of the 
serum of those patients who have recovered from 
brucellosis. It is of interest that ACTH dimin- 


ished but did not abolish the delayed type of dermal 
hypersensitivity to Brucella antigens. 


Case 4. A. H., a 54-year-old white farm worker who 
had chills, fever, sweats, headaches, weakness, and epi- 
gastric distress about three months before entry into the 
hospital. Shortly before, he had fractured his ankle. At 
the time he became ill he worked on a farm where he 
drank unpasteurized milk and a cow had aborted. His 
temperature was normal. The only observed abnormality 
was a swollen and stiffened right ankle. The total leuko- 
cyte count was 8,600 with 56 per cent neutrophiles and 
42 per cent lymphocytes. The erythrocyte sedimentation 
rate was 26 mm. in one hour and Brucella agglutinins 
were present in a titer of 1 to 640. Three cultures of 
blood taken on consecutive days remained sterile. 

He was given 25 mg. of ACTH subcutaneously four 
times daily for ten days. Coincident with this he re- 
mained afebrile, felt well and gained nine pounds. There 
was no pitting edema, but after the injections of ACTH 
were discontinued, a diuresis occurred and he lost all the 
gain in weight. There was no significant change in the 
titer of agglutinins. Ten cultures of blood taken during 
and after ACTH treatment remained sterile. His leuko- 
cyte count rose to 11,500 with 84 per cent neutrophiles and 
15 per cent lymphocytes. The sedimentation rate de- 
clined to 8 mm. in an hour. He felt well when he left 
the hospital 18 days after entry. About six weeks later 
he returned complaining of weakness and epigastric dis- 
tress. He was afebrile and there was evidence of a poorly 
uniting fracture of the ankle. The titer of Brucella ag- 
glutinins was 1 to 640. Five cultures of blood remained 
sterile. Serologic tests for syphilis were positive and he 
admitted having had a primary infection 25 years pre- 
viously treated with two long courses of injections. The 
cerebrospinal fluid was normal. A few days after this 
second appearance at the hospital he had evidence of a 
pulnionary infarction with a slight pleural effusion. Fol- 
lowing rest in bed and treatment with aureomycin and 
penicillin he left the hospital feeling well. He was fitted 
with a brace to aid in the healing of the fracture. He has 
had no further relapse. 


Comment: It is very likely that this patient had 
had an attack of acute brucellosis, and the evidence 
favored a continuation of the disease when he was 
seen at the hospital three months after the onset. 
The ACTH did not appear to alter his clinical 
course significantly. 


Case 5. L. J. L., a 56-year-old white farmer had been 
ill for two years before his first appearance with chills, 
fever, sweats, dizziness, weakness and headaches. He 
drank unpasteurized milk and one of his cows had aborted. 
He appeared chronically ill with a temperature of 100.2° F. 
There were no demonstrable physical abnormalities. 
The total leukocyte count was 3,700 with 60 per cent 
neutrophiles and 32 per cent lymphocytes. The erythro- 
cyte sedimentation rate was 57 mm. in one hour. The 
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titer of Brucella agglutinins was 1 to 640, and Br. abortus 
organisms were isolated from two cultures of blood. He 
was given 0.5 gm. of aureomycin orally every six hours 
for 21 days. He became afebrile and symptomatic, and 
the titer of Brucella agglutinins was 1 to 2,560. 

He returned three months later feeling better than on 
his previous entry, but he still had a low-grade fever, 
cough, diarrhea, and became fatigued readily following 
physical exertion. He was afebrile and there were no un- 
usual physical abnormalities. The leukocyte count was 
5,500 with 64 per cent neutrophiles and 28 per cent lympho- 
cytes. The erythrocyte sedimentation rate was 40 mm. 
in one hour and the titer of Brucella agglutinins 1 to 640. 
Six cultures of blood remained sterile. He was then 
given ?5 mg. of ACTH subcutaneously four times daily 
for 14 days. During this time he developed a mild eu- 
phoria. His temperature remained normal. Prior to re- 
ceiving ACTH he had a mild tremor of his hands, which 
felt cold and clammy. These manifestations diminished 
during the course of ACTH. There was no change in the 
titer of agglutinins, and nine cultures of blood observed 
during and after the administration of ACTH remained 
sterile. The patient stated that shortly after the injec- 
tions of ACTH had been discontinued, and while he was 
at home, he developed severe weakness and marked tremor 
of the hands. His temperature rose to 99.6° F. A month 
later he returned. There were no abnormal physical 
findings. The titer of Brucella agglutinins was 1 to 160. 
Two cultures of blood remained sterile. He was then 
treated simultaneously for 12 days with 0.5 gm. of aureo- 
mycin every six hours and 0.5 gm. dihydrostreptomycin 
given intramuscularly twice daily. Treatment was dis- 
continued because of the appearance of weakness, anorexia, 
and a display of hostility. An elevation of eosinophile 
cells to 12 per cent occurred. His behavior was thought to 
be an unusual type of reaction to the treatment, because 
as soon as the drugs were withheld the symptoms abated 
and the eosinophilia disappeared. His Brucella agglutinins 
showed a titer of 1 to 320, and nine cultures of blood re- 
mained sterile during and after treatment. He re- 
mained afebrile up to three months later. The titer of 
agglutinins was 1 to 80, and a blood culture was sterile. 


Comment: This represented an unusual case of 
chronic brucellosis in our experience, since the pa- 
tient had been ill for two years without any localiz- 
ing manifestations and at the end of this time Br. 
abortus was cultured from his blood. He appeared 
to improve following treatment with aureomycin. 
His blood cultures remained sterile, although many 
specimens were studied. It was concluded that he 
still had active disease just prior to his receiving 
ACTH. Temporary improvement occurred while 
ACTH was being administered but the manifes- 
tations of an active disease appeared shortly there- 
after. He apparently responded satisfactorily to 
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treatment with aureomycin and dihydrostrepto- 
mycin. 


Case 6. A. J., a 35-year-old white electrician employed 
in a meat packing plant first became ill with joint pains, 
nocturnal sweats, chills, cold feet, and fatigue. After two 
months of continued illness he was sent to a hospital for 
pulmonary tuberculosis because an X-ray film of the chest 
revealed a diffuse infiltration. Extensive studies eliminated 
tuberculosis. Although only a low-grade fever was 
present, Br. abortus was isolated from blood cultures on 
two occasions. He was given 2 gm. of chloramphenicol 
daily for 10 days and felt better. It was concluded that 
the pulmonary changes were unrelated to his brucellosis. 
A film of the chest taken some time before the onset of 
his illness had revealed lesions in the lungs. It was 
brought out on questioning that as an electrician he had 
broken fluorescent light tubes on many occasions, and 
berrylium intoxication was considered but never proven 
as the cause of the findings in the lung. He continued 
well until seven months after his discharge from the 
hospital when he suffered from pain in the chest, sweats, 
nervousness, backache and fatigue. Although blood cul- 
tures remained sterile, Brucella agglutinins were present 
in a titer of 1 to 640. He was given 0.5 gm. of aureo- 
mycin four times daily for two weeks after which he felt 
improved. 

Four months later, or 16 months after the onset of his 
illness, he presented himself again because of nervousness, 
weakness, and sweats. It was decided to administer 
ACTH. He was afebrile and no abnormal physical 
findings could be detected. The leukocyte count was 
6,850 with 81 per cent neutrophiles and 16 per cent 
lymphocytes. The sedimentation rate was normal. The 
titer of brucella agglutinins was 1 to 640 and a culture of 
blood remained sterile. He was given 20 mg. of ACTH 
subcutaneously every six hours for 10 days. A remark- 
able change took place in this patient within 24 hours. 
His mental depression subsided and his appetite in- 
creased considerably. The patient stated that he felt 
better than he had for many months. On the fifth day an 
intradermal test with brucellergen revealed a very slight 
reaction in 24 hours. The agglutinin titer was 1 to 1,280, 
and seven cultures of blood during and after the adminis- 
tration of ACTH remained sterile. Fifteen hours after 
the injections of ACTH had been discontinued the pa- 
tient experienced excrutiating pains in both knees with 
radiation to a point between the knees and ankles. Mor- 
phine was necessary to allay the pain. There was no red- 
ness or swelling of the extremities. Within four days the 
pain had completely subsided. The patient went back to 
work and was well until nine months later when he had 
a spontaneous pneumothorax. After a brief period of 
hospitalization the lung re-expanded. At this time his 
Brucella agglutinins were 1 to 640, and blood cultures 
were sterile. He returned to work. 


Comment: Of all the patients with chronic bru- 
cellosis who received ACTH this patient experi- 
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enced the greatest benefit. His illness was com- 
plicated by a diffuse pulmonary infiltration of 
doubtful etiology, which was probably unrelated 
to his brucellosis, and not benefitted by ACTH. 


Case 7. H. J., a 51-year-old white farmer nine months 
prior to being studied had had a sore throat, pain in both 
shoulders, and bilateral orchitis. He had been treated 
with an antibiotic which was followed by partial relief of 
his symptoms. Two months later he had a “kidney in- 
fection” and then he developed a severe pain in his right 
shoulder. Subsequently the pain extended down the arm 
and involved the right hand so that his fingers became 
stiffened and movement was painful. He was incapaci- 
tated from working as a farmer. He had a herd of 31 
cattle in which abortions had occurred, but no tests for 
Bang’s disease had been made. He was afebrile. There 
was muscular atrophy in the region of the right shoulder, 
and pressure over the acromial area elicited pain. The 
fingers of the right hand were swollen and flexion was 
impaired. The right arm could not be elevated above 
the level of the shoulder. The white blood count was 
7,700 with 64 per cent neutrophiles and 24 per cent 
lymphocytes. The sedimentation rate was normal. The 
brucella agglutinin titer was 1 to 160, and blood cultures 
remained sterile. An X-ray film of the right shoulder 
revealed marked decalcification of the right humerus, es- 
pecially the head. In addition, there was decalcification 
of the glenoid process and evidence of destruction along 
one margin of the rim of the glenoid. 

He was treated simultaneously with dihydrostrepto- 
mycin, aureomycin and ACTH. He was given 0.5 gm. 
of dihydrostreptomycin intramuscularly twice daily and 
0.5 gm. of aureomycin orally every six hours for two 
weeks. At the same time he received 32.5 mg. of ACTH 
intramuscularly every six hours for two weeks. ‘Therapy 
with aureomycin alone was continued another week. 
Physiotherapeutic measures for the right arm were also 
instituted. Under this regimen there was gradual im- 
provement. There was no change in his agglutinin titer 
and a blood culture remained sterile. When seen two 
months after the completion of his treatment, he was 
back at work. There had been continued improvement, 
but there still was some limitation in movement of the 
right arm. 


Comment: This patient was considered to have 
had a severe attack of acute brucellosis nine months 
prior to receiving treatment with ACTH. The 
severity of his illness was evidenced by the pres- 
ence of bilateral orchitis and a destructive lesion of 
the joint of the right shoulder. He had received 
antibiotic therapy in amounts sufficient to control 
the infection partially, but not enough to prevent 
the appearance of an unusual manifestation of bru- 
cellosis, that of a shoulder-hand syndrome. Be- 
cause of the destructive lesion of a joint it was 


deemed inadvisable to administer ACTH without 
affording the patient protection with an antibac- 
terial agent or agents. ACTH appeared to be 
desirable therapeutically in view of the stiffened 
fingers of the right hand. For these reasons, anti- 
bacterial drugs and ACTH were administered si- 
multaneously, and coincident with this therapeutic 
approach there was definite improvement in the 
condition of the patient. His health was restored 
enough to permit him to resume work. 


DISCUSSION 


The most striking effects of ACTH in human 
brucellosis were elicited in those patients who had 
had symptoms for less than three months (Cases 
1 and 2). Both of these patients had a demon- 
strable bacteremia due to Br. abortus just prior 
to the administration of ACTH. The hormone 
did not have any deleterious effect on the clinical 
course of either patient. While no abrupt change 
was noted in Case 1, the patient did improve and 
there was no further evidence of bacteremia after 
the injections of ACTH were instituted. This pa- 
tient did not suffer from any ill effects after the in- 
jections were discontinued, and he has remained 
well for 12 months. The sequence of events oc- 
curring in Case 2 as a result of ACTH may shed 
further light on the basic mechanisms of disease 
in brucellosis. In the first place, a febrile patient 
having a very toxic appearance was converted into 
an afebrile individual having the appearance and 
feeling of decided improvement within 24 hours 
after the initial injection of ACTH. Although 
therapy with the antibiotics will provoke such im- 
provement, the changes have not been so abrupt 
nor have they occurred so quickly (9). This im- 
mediate improvement manifested itself in Case 2 
although Br. abortus could readily be cultured 
from the blood. Similar responses have been ob- 
served in patients with pneumococcic infections and 
those with typhoid fever treated with ACTH or 
cortisone (16-18). Besides the clinical improve- 
ment displayed by Case 2, there were other ob- 
jective changes that occurred in both Cases 1 and 
2. A very common laboratory finding in patients 
with active brucellosis is a normal leukocyte count, 
or a leukopenia, with a relative lymphocytosis. 
During the administration of ACTH in Case 1 the 
leukocyte count rose to 14,450, a level which is 
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rarely seen in brucellosis and there was an increase 
in the polymorphonuclear cells with a relative de- 
cline of the lymphocytes. Similarly, in Case 2 
there was rise in the leukocyte count, an increase 
in the number of neutrophile cells and a relative 
depression of the lymphocytes. ACTH did not 
appear to alter the titer of Brucella agglutinins, 
but dermal sensitivity to Brucella antigen was sup- 
pressed in Case 2. 

Another provocative series of observations made 
in Case 2 related to the tissue reactions induced by 
Brucella and the influence of ACTH upon these 
reactions. It is to be recalled that in Case 2, prior 
to the administration of ACTH, the liver was en- 
larged and tender, and the results of liver func- 
tion studies were abnormal. In addition, a speci- 
men of liver showed the presence of hepatitis, which 
is a common finding in human brucellosis (19). 
Likewise, aspirated sternal bone marrow showed 
the characteristic granulomatous type of inflam- 
mation (20). It was anticipated that the adminis- 
tration of ACTH might intensify these inflam- 
matory reactions, but on the contrary, the tender- 
ness and enlargement of the liver decreased shortly 
after the injections were begun, and specimens of 
liver and bone marrow examined after the com- 
pletion of the injections of ACTH did not reveal 
any essential change. During the course of ACTH 
administration there were no alterations in the 
functional studies of the liver as compared to the 
studies carried out just before the start of ACTH 
administration. 

The abrupt clinical improvement manifested by 
Case 2 without eradication of the bacteremia and 
without any change in the inflammatory reaction 
of the tissue suggested that ACTH inhibited the 
toxic action of a product or products ( 7 endotoxin) 
of Brucella upon the body. It has been observed 
in this laboratory that the simultaneous adminis- 
tration of cortisone will protect mice against the 
lethal effect of Brucella endotoxin (21). 

The observations on experimental brucellosis 
in animals, especially in mice, which preceded these 
in human brucellosis, revealed that if animals were 
pretreated with cortisone and then infected with 
Brucella organisms, a fulminating and lethal in- 
fection ensued (15). Specimens of the liver 
showed necrosis of the hepatic cells and tremendous 


numbers of Brucella organisms invading the pa- 


renchymal cells and engorging the macrophages 
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in the liver sinusoids. In the control animals that 
had not received cortisone, the infection was rela- 
tively mild, the inflammatory reaction was of the 
granulomatous type with little or no necrosis, and 
proliferation of the bacterial cells not marked. 
No such a sequence of events was observed in the 
human cases of acute brucellosis treated with 
ACTH. Perhaps the essential difference is not 
that the animals received cortisone and the humans 
ACTH, but rather that cortisone was offered to 
the infected animals before any immune response 
to the infection had been established, whereas the 
human patients had been ill for a period of time 
sufficient to permit the development of an effec- 
tive antibacterial mechanism. While much re- 
mains to be learned about tissue and humoral im- 
munity in brucellosis, the observations in the 
chronically infected animals and human beings in- 
dicate that the immune mechanism is efficient 
enough to prevent a dissemination of the infection 
when cortisone or ACTH is administered. This 
is contrary to observations made in experimental 
and human tuberculosis (14, 22, 23). 

The administration of ACTH to patients having 
chronic brucellosis appeared to have little effect 
on the course of the illness except in one or two 
instances. Patient 7 was in a depressed mental 
state prior to receiving the hormone, but during its 
administration he experienced a feeling of well-be- 
ing that endured for several months after the in- 
jections had been discontinued. ACTH did not 
have any undesirable effects on any of the five pa- 
tients with chronic brucellosis. The hormone did 
suppress the dermal hypersensitivity to Brucella 
antigen, but it did not significantly alter the titer 
of Brucella agglutinins. In no instance, did Bru- 
cella organisms appear in cultures of blood during 
and after the administration of ACTH. It was 
anticipated that the administration of ACTH to 
patients with chronic brucellosis might liberate 
Brucella organisms from their foci and a bactere- 
mia might be demonstrated. Failure to elicit this 
result might be related to the relatively small num- 
ber of bacteria released, and to a humoral immunity 
effectively destroying the organisms as they ap- 
peared in the blood. 

Upon the basis of the present observations, and 
because therapy with the antibiotics is so effective 
in the majority of patients, there is little or no indi- 
cation for using either cortisone or ACTH in the 
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treatment of human brucellosis. A further con- 
traindication is the undesirable side effects induced 
by these agents. The one possible indication for 
the use of either cortisone or ACTH would be in 
a seriously ill and toxic patient. Even in such a 
case, treatment probably should be carried out 
only for a day or two, and simultaneous treatment 
should be started with streptomycin or dihydro- 
streptomycin, in combination with aureomycin or 
terramycin. A similar approach has been made 
in the treatment of typhoid fever (16, 17). 

The present results with ACTH in acute bru- 
cellosis have stimulated a further consideration of 
the mechanism whereby patients appear to benefit 
following the intravenous injection of Brucella 
antigens. Such authorities as Janbon (24) in 
Montpellier, France; Signorelli (25) in Farrar, 
Italy; and Huddleson (26) in this country have 
called attention to the beneficial results that have 
occurred in patients with acute and chronic bru- 
cellosis following the intravenous injection of 
Brucella antigens. It is of interest that improve- 
ment in the patient’s condition is usually associ- 
ated with a febrile reaction and, at times, a shock- 
like picture with a drop in blood pressure. Al- 
though it is often asserted that the Brucella prepa- 
rations are specific in their beneficial action, some 
doubt has been cast upon this conclusion by the 
observations of Loffler and his associates (27), 
who obtained equally good results following the in- 
jection of suspensions of colloidal silver. It might 
be postulated that the febrile reaction induced by 
these agents provoked a stress reaction which in 
turn stimulated the adrenals to produce corti- 
costeroids with the results as presented in Cases 
land 2. Another possibility is that the febrile re- 
action with its mild shock-like manifestations might 
be representative of a generalized Shwartzman 
reaction in which Brucella organisms are liberated 
from localized foci, and disposed of by an extra- 
cellular immune mechanism. Further studies 
along these lines are in progress at the present 
time. 


SUMMARY 


1. Adrenocorticotrophic hormone (ACTH) 
was administered to two patients with acute bru- 
cellosis and to five patients with chronic disease. 
The administration of ACTH to one of the pa- 
tients with acute brucellosis, who was quite ill, 
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was accompanied by a prompt and remarkable im- 
provement although the blood cultures remained 
positive for Br. abortus. ACTH did not appear 
to have any significant effect on the clinical course 
of chronic brucellosis. 

2. Specimens of liver and sternal bone marrow 
from one patient with acute brucellosis displaying 
granulomas showed no essential change in the type 
or degree of inflammation before and after the ad- 
ministration of ACTH. 

3. ACTH had no significant effect upon the 
titer of Brucella agglutinins, but it did suppress 
dermal hypersensitivity to Brucella antigens. The 
tendency of Brucella organisms to cause a leuko- 
penia and relative lymphocytosis was abolished by 
ACTH. 

4. The only therapeutic indication for cortisone 
or ACTH at the present time in acute or chronic 
brucellosis is in patients who are quite ill and toxic. 
And even then, treatment should be carried out 
for only a few days and simultaneously with anti- 
biotic therapy. 
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INTRODUCTION 


Hemostasis depends largely on the conversion 
of fibrinogen to fibrin, catalyzed by the enzyme 
thrombin. In recent years, there has been 
considerable advance of knowledge of the forma- 
tion of thrombin from its various precursors. 
However, a comparatively small amount of 
effort has been directed toward studies of the 
physical nature of the fibrin clot as a possible 
guide in the better understanding of hemostatic 
mechanisms in health and disease. In 1947 
Ferry and Morrison (1, 2) converted purified 
human fibrinogen to fibrin under various condi- 
tions of pH, ionic strength, and fibrinogen 
concentration, and they measured such prop- 
erties of the clot as opacity, rigidity, friability, 
and so forth and proposed two general structures: 
“The fine and the coarse clot.’’ The fine clot 
showed small deviation from Rayleigh’s law 
which states that the opacity is inversely pre- 
portional to the fourth power of the wavelength, 
but the coarse clot showed considerable de- 
parture from this proportion. They stated: 
“In a solid structure, such as fibrin clot, it is 
impossible to calculate explicitly the size and 
shape of structural units from opacity measure- 
ments.’’ The larger strands have been studied 
by direct microscopic observation (3, 4) but the 
average size strand is too narrow for the limits 
of optical resolution. The diameter of the fibrin 
strands has also been measured by the electron 
microscope (5-8). This instrument, however, 
has the inherent objection of drying the clot 
with collapse of the three dimensional network. 
In the studies to be reported herein, light scatter- 

1 These studies were aided by a contract (NONR 12800) 
between the Office of Naval Research, Department of the 
Navy and Syracuse University, and by a contract (NONR 
12801) between the Office of Naval Research, Department 
of the Navy and the State University of New York. 
Both of these contracts were supported jointly by the 
Office of Naval Research and the Atomic Energy Com- 
mission, 

2 Fellow of the New York State Division of the American 
Cancer Society during part of these studies. 
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ing as a method of determining fibrin strand size 
has been attempted. 


THEORY?® 


Although the fundamental theory of the 
molecular scattering of light was given by Lord 
Rayleigh in 1871, only within the past decade 
has this method been of practical value in the 
measurement of the size and shape of particles 
of biological interest, for P. Debye emphasized 
that if the particles are comparable in size to the 
wavelength of light and have a relative index 
of refraction‘ near unity, then the system might 
be treated similarly to a problem in x-ray 
diffraction. There are several reviews of this 
subject (9-13). Light scattering techniques 
have been used to determine the size and shape 
of the fibrinogen molecule and of polymerization 
of the fibrinogen before gelation (14). However, 
there are no reports of a theory or techniques for 
dealing with particles which have the size and 
shape of fibrin strands. Therefore, a generalized 
theory of light scattering for cylindrical rods with 
a relative index of refraction near unity has been 
developed. The normalized expression for the 
angular scattering of light by randomly oriented 
cylindrical rods of length L and radius R is 
given by: 

EQUATION 1 


= {| 5005 28 + (2p) | 


a 


1(6) Ji°(2a) 


1 
3It is appreciated deeply that Professor Peter Debye 
and Dr. Fred Bueche of Cornell University developed the 
theoretical concepts presented here and continued to help 
in the solving of the technical details of the method. 


n 

‘4 The relative index of refraction, m = oa where n’ = re- 
10 


fractive index of solute particle, no = refractive index of 


pure solvent. For protein molecules in solution m is close 
to unity. 
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where 


— (1 — x?) 
0 


cos ‘2%«jdx 
and 


sin u 


28 
Si(28) = fe 


Also, the Jo and J; are Bessel functions of zero 


and first order and 
= 2nR B = n 


where A,, is the wavelength of ata in the 


medium. 
These expressions may be expanded in series 


to give: 
EQUATION 2 
= [} cos 28 + BSi(28)] 
1 _ asin 28 
5 sin 28 cos 28 sin 28 
k 2B (apy: ? | 
_ [sin 28 ,cos28 sin 26 
144| 28 (28)? 
cos 28 sin 28 
24 —— (28)* + 24 —— | 


Equation 2 is not useful for experimentation. 
The generalized expression has been reduced to 
a workable form by assuming the fibrin strands 
had a radius less than about 1,100 Angstroms 
and a length® greater than about 30,000 Ang- 
stroms, such that L/A,, is greater than 10, 6 is 
greater than 30, @ is less than 1.6 and R/A,, is 
less than 0.3. The reduced equation is given by: 


EQUATION 3 
(constant) (X) (J.?(2a@)) 


2 
ae 


where: I is the intensity of light scattered at 


5 The length is not clearly defined since the fibrin strands 
form a three dimensional network. Most likely, L 
represents the distance from one junction point of three 
or more strands to the next. Measurements of this 
distance from electron microscope photographs would give 
a false low value since the clot is collapsed and false junc- 
tion points are created. 
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angle 6, and 


xX = 
sin 


The constant in front may be adjusted at will 
for normalization purposes. 


MATERIALS AND METHODS 


Preparation of samples. Fibrinogen was obtained from 
two sources, bovine Fraction I (Armour) and citrated 
human plasma (1 part of 0.109 molar sodium citrate plus 
9 parts of venous blood) from hospitalized patients and 
laboratory personnel. Gamma globulin and albumin were 
from bovine sources (Armour). The bovine plasma frac- 
tions were dissolved under vacuum and dialyzed at + 1 C. 
for 24 hours against phosphate buffers of desired pH and 
ionic strength. Citrated fresh human plasma usually has 
a pH of 7.5 to 8.0. If lower pH values were desired, a 
small amount of 0.1 N HCl was added dropwise with 
constant agitation. If the protein solutions were diluted, 
0.15 molar sodium chloride was always used as a diluent. 
The protein solutions were clarified by centrifuging 30 
minutes at 18,000 G (Sorval) at + 10 to + 20°C. Bovine 
thrombin (Parke, Davis & Co.) was used to clot both the 
bovine fibrinogen and human plasma. 

Protein analyses. Fibrinogen analysis was performed 
by the method of Morrison (15). Aibumin and globulins 
were determined by the method of Kibrick (16). 

Platelet counts were determined by direct counting using 
a modified Rees-Ecker diluting fluid (17). pH was 
measured on a Cambridge Instrument Co. Model R glass 
electrode pH meter. 

Optical density was measured on a model DU Beckman 
spectrophotometer using 1.0 cm. cells at room temperature, 
against a 0.15 molar sodium chloride solution blank. 

Angular scattering measurements. The intensity of 
scattered light was measured with a commercial light- 
scattering microphotometer (American Instrument Co.) 
in cylindrical, optically good cells with an internal diameter 
of 34 mm. The light source was a standard mercury 
vapor tube (AH4) and three filters were routinely used: 

= 436, 546, 578 millimicrons (Am = Ay/n, where n is 
the refractive index). The incident beam was 4 X 8 mm. 
and a 10-degree solid angle receiver nose piece was used. 
All readings were multiplied by sin 6 to correct for differ- 
ences in scattering volume. This correction agreed very 
well with the experimental correction using a dilute 
fluorescein solution between 60 and 130 degrees. Beyond 
these limits, the agreement was poor. If no polarizer 
was used in the incident beam, the observed intensities 
were also multiplied by 1/1 + cos? @ to correct for polariza- 
tion. This correction factor proved experimentally to be 
very good when one sample was measured both with and 
without a polaroid (horizontal axis) in the incident beam. 
This indicates that no serious depolarization takes place. 
If other proteins are present besides fibrinogen, and 
particularly with plasma where there may be a variable 
amount of lipemia, the solutions will scatter light before 
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they are clotted. To correct for this, a sample of the 
solution to be clotted was measured for scattering of 
exactly the same concentration as that which was clotted. 
These readings of the unclotted solutions were then 
subtracted from the readings of the clotted solutions. 
When fibrinogen alone was used the amount of scattering 
of the fibrinogen solutions was negligible compared to the 
scattering of the fibrin clot, in the concentrations used. 
Small changes of the intensity of the incident beam were 
determined by measuring the intensity of light at 0 degrees 
with no cell in the system, before and after each set of 
readings. Readings were taken between 60 and 130 
degrees at 5- or 10-degree intervals. Angles lower than 
60 degrees were not used since, as @ becomes small, 8 be- 
comes small, and the assumption of Equation 3 is that 8 is 
moderately large. Also, at the low angles there is a 
greater amount of secondary scattering which cannot be 
accounted for by theory. It is to be noted that absolute 
scattering intensities are not necessary with this method. 
Only relative values at the different angles are needed.*® 


Method of determining fibrin strand radi 
from scattering measurements 


Using Equation 3, a set of master curves were con- 
structed, plotting IX vs. X? for various R/\m values, and 
normalizing them all to one point (we used X? = 1.21, 
IX = 20.0, although any convenient point may be used). 
The corrected experimental intensity readings were then 
normalized to the same point, graphed, and the R/Am 
value read by comparing with the master curve. Since \m 
is known, R can be computed immediately. 

The reason the plot IX vs. X? was used is as follows: 
Using Equation 2, a rough approximation to I (@) may be 
obtained if one neglects the higher terms in a? and 1/6. 
One then obtains: 


where K = 


Unless R is extremely large, the R‘ term may be dropped. 
Then we obtain: 


EQUATION 4 
IX = AX? — BX? —C, 
where A = 2/KL, B = 2/K?L?, C = 
If L is large, Equation 4 may be reduced to 


EQUATION 5 
IX = AX?—C, 
6 Theoretically it is possible to measure the fibrin strand 
size by determining the total turbidity ae a function of 
wavelength in a spectrophotometer. 


This approach was 


attempted but due to the larger number of approximations 
necessary in the development of the theory and the 
technical difficulties in separating the primary beam of 
light from the low angle scattered light, it was abandoned 
for the simpler and more accurate angular scattering 
method. 
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Using Equation 5 and plotting IX vs. X? should give a 
straight line. Approximate values of R can be obtained 
from this relationship since R? = Ay2C/40A. If R is 
large, there is concave curvature at low values of X*._ If 
L is small, there is convex curvature at high values of X*. 

From Equation 4, it can be seen that L = Ady,/Br*. 
The use of curvature with the IX vs. X? plot to determine 
L must be with caution since excessive secondary scatter- 
ing will also give this type of curvature. The curvature 
is lost (the X* term of Equation 4 drops out) when L 
= 10,000 Angstroms at the wavelengths which were used. 
When this happens L may be calculated if the type of 
network structure is known. If a cubic lattice is postu- 
lated, it can be easily seen by geometry that: 


EQUATION 6 
L? = 3rR*d/c, 


where d is the density (equal approximately to one) and 
c the fibrin concentration in gms. per cc. Furthermore, 
the molecular weight of this segment of the fibrin strand 
can then be calculated: 


EQUATION 7 
M.W. = 
where No is Avogadro’s number, V is the partial specific 
volume, = 0.725 (18). 

Validity of results. The radii determined on one sample 
using three different wavelengths usually were within 3% 
of each other. Possible errors in the interpretation of the 
results include: 


1. Secondary scattering, if marked, will in general cause 
a false low result. Since the turbidity increases with 
decreasing wavelength, the lower wavelengths show more 
secondary scattering. 

2. The assumptions used to derive Equation 3 must be 
met. Thus, if the radius is greater than 1,100-1,300 
Angstroms, R/Am is no longer less than 0.3. The L/Am 
ratio will be discussed later. Between the range of 18 
Angstroms (radius of fibrinogen molecule [19]) to 100 
Angstroms, the method is not very sensitive due to the 
nature of the Bessel function. 

3. True absorption of light will interfere with the 
method. Hemoglobin is the chief offender. An absorp- 
tion curve was determined for the unclotted sample and, if 
there was an absorption peak in the region of 410 milli- 
microns, the sample was discarded. 


RESULTS AND DISCUSSION 


Any report concerned with fibrin clot measure- 
ments must include information about a large 
number of variables. For the experiments with 
Fraction I, the following factors were considered 
important: pH, ionic strength, thrombin con- 
centration, fibrinogen concentration, time that 
the measurements were taken after adding 
thrombin, treatment of the fibrinogen in the 
processing of Fraction I and its resolution, other 
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RADIUS OF FIBRIN STRANDS (ANGSTROMS) 


TIME AFTER ADDING THROMBIN (HOURS) 
Fic. 1. Errect oF PH ON THE Raprus OF FIBRIN 
SrRaNDS AS CALCULATED FROM LIGHT SCATTERING 
MEASUREMENTS 


proteins present, such as the addition of albumin 
or gamma globulin plus the other proteins 


besides fibrinogen present in Fraction I. With- 
out entering into the controversial aspects of 
blood coagulation, one may consider in plasma, 
in addition to the above factors, the platelet 
concentration, certain electrolytes (netably cal- 
cium), and perhaps substances said to inhibit or 
accelerate the action of thrombin. A few varia- 
tions of the above factors are given below in 
order to illustrate the method. Extension of 
these experiments with physiological inter- 
pretations is in progress. 


I. Observations on Light Scattering 
of Fraction I Clots 


A. Effect of pH and time 

In all experiments the ionic strength was kept 
constant at 0.15. The temperature during 
clotting was always 24 to 26°C. The thrombin 
concentration was kept constant for both 
Fraction I and plasma so that the final thrombin 
concentration was 0.3 units per cc. (15). The 
proteins other than fibrinogen present in the 
standard preparation of Fraction I were dis- 
regarded. In the first experiment the fibrin 
strand radii were measured at two different pH 


values at various times after adding thrombin 
(Figure 1). The fibrin concentration was that 
amount of protein which had clotted at one hour 
after adding thrombin. In the region of pH 
7.0 to 7.8 this is always at least 90 per cent of the 
amount clotted at the end of four hours, both by 
our experiments and those of other workers (20). 
At more acid pH values this one hour concentra- 
tion tends to decrease to about 80 per cent of 
the four hour value with our fibrinogen and 
thrombin ranges. In this experiment the one- 
hour fibrin concentration at both pH values was 
0.33 gm. per liter. The optical densities (Figure 
2) were taken at 436 millimicrons although the 
curves at other wavelengths showed similar 
shapes. The optical density curves in general 
agreed with recent reports (20, 21) on the 
kinetics of the fibrinogen-fibrin reaction. 

A more detailed examination of the IX vs. X? 
curves at pH 5.85 showed that none had any 
curvature at 30 minutes. Thus, at this time 
end-to-end polymerization had proceeded to the 
point where the fibrin segments were greater than 
approximately 10,000 Angstroms in length 
(Equations 4 and 5). However, lateral polymer- 
ization continued after 30 minutes of clotting 
(Figure 1). On the other hand, at pH 7.15, the 
30- and 45-minute samples showed curvature at 
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TABLE I 
The effect of fibrinogen concentration on the fibrin strand radii 


Fibrin Fibrin ! Fibrin Fibrin 

conc., pH RinA conc., pH RinA conc., pH RinA conc., pH RinA 
gm./L. gm./L. gm./L. gm./L. 

0.044 7.34 400 0.22 7.11 470 0.37 yes 520 0.48 7.24 450 
0.10 7.28 480 0.28 tak 460 0.37 7.21 540 0.49 7.24 480 
0.12 742 600 0.30 7.26 600 0.42 7.21 480 0.49 7.24 440 
0.13 7.34 460 0.33 7.15 650 0.44 71:22 600 0.65 7.22 480 
0.14 7.20 660 0.33 7.15 640 0.45 7.24 520 0.84 ya | 470 
0.16 War 550 0.33 4715 650 0.47 7.24 450 

0.20 7.23 650 j 0.34 7.20 550 0.47 7.24 460 


high values of X? (theta values of about 60 to 
75 degrees); after 45 minutes it was absent. 
Since the optical density changed very little 
during the 30-minutes to 4-hour range, it may be 
assumed that the curvature at the earlier times 
was not due to secondary scattering but to a 
small value of L. Also, to be noted at pH 7.15, 
the radius increased only slightly from 30 minutes 
to 4 hours (Figure 1). This indicated that at 
this pH the lateral polymerization preceded the 
end-to-end polymerization. This agrees with 
the conclusions of Edsall and Lever (20) and does 
not conflict with Steiner and Laki (14) who have 
measured the partially polymerized fibrinogen di- 
mensions just before the gel point, whereas these 
measurements were considerably after gelation. 
The value of L of the pH 7.15 sample at one 
hour calculated by using Equation 6 was 
1.1 X 10° Angstroms and the molecular weight 
of this segment was 1.22 X 10". Using the 
curvature of the IX vs. X? plot and Equation 4, 
the L values at 30 and 45 minutes were found to 
be about 1,600 and 3,400 Angstroms, respect- 
ively. If L is so small, then the conditions 
used to derive Equation 3 are no longer valid. 
It should be pointed out that if R/A, = 0.2 
then L/Am may be as small as 3 (instead of 
greater than 10) and as a gets smaller, the better 
will be the approximation. These values of 
L (L = 12,000 Angstroms) are still so low that 
one may rightly question the value of R. The 
method of obtaining L using Equation 4 was 
also an approximation. Therefore, both the R 
and L values of the 30- and 45-minute samples 
are in doubt, although they probably represent 
values in the general order of magnitude of the 
true ones. For purposes of standardization the 
following data for the determination of radii were 
recorded one hour after adding the thrombin. 
This seems justified if the pH is greater than 7.0. 


B. Effect of fibrinogen concentration 


The fibrin strand radii with varying fibrinogen 
concentrations were determined (Table I). 
Further analysis of the data was more revealing. 
As mentioned above, the results obtained on 
any one sample were usually within 3 per cent 
of each other as judged by agreement at three 
different wavelengths. If one sample of fibrino- 
gen was clotted in a number of different cells, 
the coefficient of variation of the measurements 
was under 7 per cent. However, from one 
preparation of fibrinogen to another (Table I) 
the results varied by as much as 40 per cent. 
For this reason, in determining the effect of 
changing one variable, the same preparation of 
fibrinogen was used. In the pH range 7.1 to 
7.4, there seemed to be very little dependence 
of the fibrin strand radius on fibrinogen con- 
centration within the concentration range meas- 
ured. This is understandable for two reasons: 


TABLE II 
The effect of heating the fibrinogen solution for 30 minutes 
at 45° C. before clotting 
The pH was 7.21 


Unheated Heated 
0.84 470 1.36 350 
0.42 480 0.66 330 
0.28 460 0.41 330 
TABLE Ill 


The effect of adding albumin to the fibrinogen solution 


Fibri | No albumi | Final albu- 
pH min cone. R in % 
tit 0.22 470 65.0 630 34 
As 0.33 660 106.0 800 21 
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TABLE IV 


The effect of adding gamma globulin 
to the fibrinogen solution 


The pH was 7.22 and the fibrin concentration 


Final gamma globulin conc., 
RinA 
0.0 480 
22.2 500 
48.8 490 
71.0 640 
93.3 610 


TABLE V 


The effect of pH on fibrin strand thickness 
with fresh human plasma 


| 1 

Alb i Glo s, | *latelets 2 
7.85 0.28 6.4 2.5 | 1,700 730 
7.81 0.18 4.4 3.0 1,400 755 
7.34 0.24 3.2 1.8 1,000 | 820 
6.70 0.23 5.9 1.8 1,800 790 
5.81 0.22 6.0 1.8 | 460 | 880 


1) the radius is dependent only on the square 
root of the concentration (Equation 6), and 2) 
L is also changing. If the length decreases 
enough, it is possible that the radius may de- 
crease with increasing concentrations of fibrin, 
although this has not been noted experimentally. 


C. Effect of heating the fibrinogen solution before 

clotting 

In the next experiment (Table II) half the 
fibrinogen preparation was heated in a water 
bath for 30 minutes at 45° C. before adding 
thrombin. Both samples were at 25° C. when 
the thrombin was added and the pH of the 
samples was 7.21. Heating the fibrinogen 
solution before clotting decreased the fibrin 
strand thickness rather markedly. 


D. Effect of adding albumin 

Two experiments were performed in which an 
albumin solution was added to the fibrinogen 
solution before adding the thrombin (Table III). 
In both experiments albumin increased the 
diameter of the fibrin strands significantly (more 
than 7 per cent increase). 


E. Effect of adding gamma globulin 
A similar experiment was performed using 
gamma globulin instead of albumin. The pH 
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was 7.22, the fibrin concentration 0.65 gms. per 
liter (Table IV). Gamma globulin increased 
the fibrin strand thickness somewhat. This 
agrees with a previous observation (22) which 
showed there was an increase in the amount of 
light scattered from fibrin clots when egg 
globulin was added to the clotting mixture. 


II. Observations on Light Scattering 
of Plasma Clots 

The ionic strength, temperature, thrombin 
concentration (by clotting with added thrombin) 
and time of measurements after adding thrombin 
were kept constant at the same values as above 
with Fraction |]. Platelets were kept at a 
negligible concentration by centrifugation. The 
calcium ion concentration contributed less than 
2 per cent to the total ionic strength. 


A. Effect of pH on fresh citrated plasma 


From five experiments from five different 
plasma samples (Table V), it appeared that in 
general the fibrin strands of fresh plasma were 
somewhat thicker and were less influenced by 
pH than Fraction | fibrin. 


B. Effect of heating 


Part of one sample of fresh plasma was heated 
for 30 minutes at 45° C. before clotting (Table 
V1). Heating under these conditions did not 
decrease the fibrin strand thickness to the 
marked extent noted with Fraction I| fibrinogen. 


TABLE VI 


The effect of heating fresh plasma for 30 minutes 
at 45° C. before clotting 


| Albumin,| Globulins,| Platelets | R,in 
gm./L.) gm./L. | gm./L. |percusmm.| A 
Unheated | 7.34] 0.24 | 3.2 | 18 | 1,000 | 820 
Heated | 7.30/ 0.24 3.2 | 18 | 860 | 700 
TABLE VII 
Fibrin strand radii of aged blood bank plasma 
The pH was 7.12 and platelets were absent 
038 | 34 2.2 320 
0.72 6.4 4.2 330 
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C. Effect of aging 


One experiment was performed using pooled 
blood bank plasma which had been stored in the 
frozen state approximately one year before 
using. The pH was 7.12 and platelets were 
absent. The low values (Table VII) were 
remarkably close to the values obtained with 
Fraction I which had been heated before clotting 
(Table II). This suggests that a fibrin strand 
diameter of 300 to 350 Angstroms is the lowest 
value possible if gelation occurs. 

It should be emphasized that drawing con- 
clusions by comparing experiments on protein 
fractions with experiments on whole plasma may 
be misleading. Also, the transition from the 
fine to coarse type of clot occurs at a different 
pH range with human fibrinogen than with 
bovine fibrinogen (20). 


SUMMARY 


1. A generalized expression for the angular 
scattering of light by randomly oriented cylin- 
drical rods is given. This general expression 
has been simplified to apply to cylinders of radii 
between 100 and 1,300 Angstroms, and lengths 
greater than 12,000 Angstroms. 

2. A few illustrations of the application of this 
theory to the determination of fibrin strand size 
are presented. 
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It has been known for many years that the sur- 
face area is increased with increasing obesity and 
that this increase in surface area is accompanied 
by a proportional increase in basal oxygen con- 
sumption (1). Therefore, it has been reasoned 
that in the presence of obesity cardiac output and 
cardiac work in the basal state are increased ap- 
proximately in proportion to the increase in oxy- 
gen consumption (2). This reasoning is based 
on the assumption that the quantity of oxygen 
carried away by a liter of blood from the lungs 
(the arteriovenous oxygen difference) is constant 
in lean and obese individuals. 

Certain generally accepted facts support this 
argument. Thus it is generally agreed that basal 
cardiac output is proportional to surface area and 
oxygen consumption. The relationship between 
surface area and cardiac output has been re-exam- 
ined in a recent publication from this laboratory 
(3) and it was found that as a first approximation, 
the cardiac output is directly proportional to sur- 
face area. However, the individual differences in 
surface area accounted for only 40 per cent of 
the individual differences in cardiac output. Fur- 
thermore, it has been found that while resting 
cardiac output is proportional to oxygen consump- 
tion; the individual differences in oxygen con- 
sumption account for only 50 per cent of the ob- 
served variability in cardiac output (4). It is 
clear then that factors other than body size as 
measured by the surface area or oxygen consump- 
tion influence the basal cardiac output. Among the 
several factors which could account for the unex- 
plained variability is body composition, particu- 
larly the fat content of the body. It is known that 
fat tissue has a metabolism (5) but nothing is 
known regarding the arteriovenous oxygen differ- 
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ence of blood flowing through fatty tissues or the 
rate at which it flows. 

Precise investigation of the relationships be- 
tween cardiac function and obesity has been ham- 
pered by the inability of the investigator to esti- 
mate the relative amounts of fat and other tissue 
in a given individual. The use of the specific 
gravity of the body to estimate the relative amount 
of fat in intact man (6) makes such investigations 
profitable. It is the purpose of this paper to ex- 
amine the quantitative relationships between car- 
diac output, cardiac work and the arteriovenous 
difference on the one hand and the fat content of 
the body on the other. 


SUBJECTS AND CONDITIONS 


The subjects used in this investigation were 
34 male university students, 18 to 31 years old, 
who were free of disease detectable by physical 
examination. Deliberate efforts were made to ob- 
tain a scattering of men from very fat to very lean. 
The men reported to the laboratory in the morning 
without breakfast or late in the afternoon without 
lunch. They rested for one half hour before ob- 
servations were made. All procedures were car- 
ried out in an air-conditioned room. Duplicate 
determinations of cardiac output were made at 
one sitting. This was followed by a measurement 
of the intra-arterial blood pressure. The specific 
gravity of the body and a roentgenogram of the 
chest were made after the other cardiovascular 
measurements had been carried out. In 22 of the 
34 subjects, duplicate cardiac output determina- 
tions were made on two separate days. Intra- 
arterial pressures were obtained on 20 subjects and 
roentgenograms of the chest on 15. 


METHODS 


The cardiac output measurements were made with 
the acetylene technic of Grollman. The final calculations 
were carried out with the corrections worked out by 
Chapman and his associates (7) to bring the values into 
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line with those of the direct Fick (catheter) method. 
Intra-arterial pressures were measured with a strain 
gauge and a Cournand needle. The complete recording 
system was so adjusted that it would pass a square wave 
of 300 mm. Hg in 0.02 second with a 5 per cent over- 
shoot beyond the base line. Static calibrations were car- 
ried out with each determination. The specific gravity 
of the bou, letermined from the weight of the in- 
dividual in water and in air. The volume of residual air 
in the lung was determined while the men were being 
weighed under water so that a simultaneous determina- 
tion of weight under water and residual volume was ob- 
tained. The method of Cournand and his co-workers 
was employed for the measurement of lung volume (8). 
The details of the weighing procedure have been reported 
elsewhere (9). In those cases in which measurements of 


residual volume were not made, a standard correction of 
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1,500 cc. was applied. The per cent of body weight repre- 
sented by fat was calculated from tables given by Rath- 
bun and Pace (10). The size of the heart was calculated 
from measurements of the area of the cardiac shadow on 
a six-foot roentgenogram of the chest by the method of 
Keys and his associates (11). The mean arterial pres- 
sures were obtained by integrating the recorded pulse 
wave with a planimeter. The cardiac work was calcu- 
lated as the mean arterial pressure X the cardiac output, ~ 
and the kinetic energy component was calculated using 
the aortic sizes given by Bazett and his group (12). 
Surface area was calculated according to the procedure 
of Du Bois. 
RESULTS 


The data for the individual subjects are pre- 
sented in Table I. The cardiac outputs in liters 


The anthropometric characteristics and cardiac output along with related measures 


of cardiovascular function of 34 young men* 


Fat 


| 

Subject Age Height Weight | S.A. | % Fat 
Nay 28 165 53.68 | 1.58 17.5 
CVD 56 24 169 51.80 | 1.58 5.0 
Eric 20 178 54.52 | 1.69 8.4 
CVD 104 | 23 162 53.10 | 1.56 1.5 
Scan. 19 182 53.73 Live 1.8 
Alt. 20 169 71.93 | 1.83 22.0 
Will. 20 176 62.00 | 1.73 74 
CVD 3 ye 179 58.60 | 1.74 1.4 
Koch. 24 175 76.40 1.92 24.0 
CVD7 25 167 67.00 | 1.74 11.2 
Ott. 31 173 86.00 | 2.02 29.6 
Ort. 20 166 80.15 1.89 24.0 
Lin. 21 175 62:20 | 1.75 0.4 
iVi4i7 22 181 69.20 | 1.88 9.3 
Traut 22 179 69.60 | 1.87 8.8 
Torg. 24 178 75.60 | 1.94 15.6 
Fors. 29 176 65.20 | 1.80 1.8 
Stra. 21 171 72.10 | 1.84 10.7 
Podem. 23 173 87.27 | 2.04 | 26.0 
CVD 120 | 24 176 79.32 | 1.94 18.5 
CVD 119 | 20 177 71.80 | 1.89 9.8 
CVD 101 | 21 185 70.60 | 1.92 7.0 
CVD 162 | 24 181 73.70 | 1.93 10.8 
Donal. 25 184 70.40 | 1.92 6.9 
CVD 41 25 170 76.50 | 1.87 13.6 
Svie. 25 179 77.40 | 1.96 14.6 
CVD 13 22 177 70.10 | 1.86 3.7 
CVD 110 | 20 175 87.57 | 2.00 22:5 
Adam. 23 172 76.20 | 1.89 8.8 
CVD 31 26 175 95.30 | 2.10 24.5 
Erwi. 27 184 101.43 | 2.23 26.5 
Teit. 19 189 84.40 | 2.10 7.4 
Chri. 21 179 84.00 | 2.02 41 
Duc. 24 184 132.50 | 2.53 | 33.7 
Mean 23.4 175.9 74.16 | 1.89 12.90 
e; 2.91 6.2 15.87 | 0.19 9.22 


rpm. | Carte | ay | | Came | Revi 
A 44.6 4.08 (4) | 53 89 375 1.001 
6 49.2 3.79 (2) | 53 
6 49.9 5.02 (4) | 43 76 492 1.866 
52.4 5.23 (2) | 44 
0 52.8 5.63 (3) | 34 62 524 2.055 
8 56.1 4.60 (4) | 43 83 479 1.296 
6 57.4 5.99 (4) | 34 68 583 1.727 
8 57.8 5.63 (2) | 37 
“a 58.1 4.72 (4) | 46 101 1.115 
5 59.5 4.15 (2) | 53 
5 60.5 4.48 (4) | 51 87 410 1.118 
2 60.9 4.78 (4) | 52 72 674 0.980 
2 62.0 4.92 (2) | 42 
4 62.8 5.94 (2, | 37 
1 63.5 5.90 (4) | 38 97 574 1.191 
8 63.8 5.68 (4) | 47 87 1.283 
2 64.0 5.41 (4) | 39 90 615 2.498 
7 64.4 6.08 (4) | 40 100 727 1.125 
7 64.6 4.93 (4) | 46 80 478 1.182 
7 64.6 5.88 (2) | 43 
0 64.8 6.03 (2) | 37 
9 65.7 5.50 (2) | 44 
0 65.7 5.48 (4) | 45 81 852 
9 65.5 5.87 (4) | 41 86 1.216 
4 66.1 4.40 (2) | 46 
a 66.1 6.88 (4) | 37 100 1.368 
6 67.5 5.58 (2) | 40 
7 67.9 5.83 (4) | 41 
7 69.5 6.43 (4) | 34 101 548 1.389 
3 72.0 6.64 (2) | 38 
9 74.6 5.83 (4) | 41 1.980 
Zz 78.2 6.52 (4) | 40 92 1.319 
4 80.6 7.22 (4) | 31 91 1.619 
6 87.8 7.35 (4) | 41 93 642 1.361 
61; 63.56 5.54 42.1 
73 8.70 | 0.87 5.8 


meters; % Fat, fat as 
weight of fat) in kg.; 


* Abbreviations and units: Age, in years; Height, in cm.; Weight, wt. of whole body in kg.; S.A., surface area in square 
ad cent of whole body weight; Fat, weight in kgs.; L. B. M., lean body mass (body weight minus 
ardiac output, liters per minute, the number in parenthesis refers to the number of C. O. deter- 


minations that were performed; A-V, the arteriovenous oxygen difference in cc. per liter of blood; B.P., the mean intra- 
arterial blood pressure in mm. of Hg.; Cardiac vol., the volume of the heart in cc.; Resid. lung vol., the residual volume of 


the lungs in cc. 
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per minute are the mean values of the designated 
number of determinations. The values for the 
weight of lean body mass were obtained by sub- 
tracting the weight of fat from the total body 
weight. Since the constants for converting spe- 
cific gravity to per cent of fat were derived from 
the weight of fat extracted by fat solvents from 
guinea pig carcasses (10) this value is equivalent 
to the lean tissue mass and theoretically includes 
any water and salt which may be present in the 
fatty tissues. In addition, the calculated value of 
fat is subject to such errors as may arise from as- 
suming a constant specific gravity for the lean 
body mass. 


Cardiac output and body composition 


The correlations between important cardiovas- 
cular characteristics and the various measures of 
body size and composition have been calculated and 
are presented in Table II, along with other per- 
tinent correlations. Significant correlations were 
found between cardiac output and body weight, 
surface area, and lean body mass, but no signifi- 
cant relationship was demonstrated between car- 
diac output and weight of body fat or per cent of 
body fat. 

The data relating cardiac output to surface area 
and lean body mass are plotted in Figures 1 and 2. 
The regression equations relating cardiac output 
with these two variables are given below : 

Equation 1. C. O. = 2.783 S. A. + 0.278 
Equation 2. C. O. = 0.074 (L. B. M.) + 0.838, 


where cardiac output (C. O.) is expressed as liters 
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TABLE II 


Coefficients of correlation (r) between cardiac output in liters 
per minute, arteriovenous oxygen difference (A-V) in 
cc. per liter, cardiac work in kilogram meters per 
minute, total peripheral resistance (T.P.R.) 


in dynes cm.~* seconds and the several 
measures of body size and 
com position 

Lean 

Kg. 

Cardiac output | 34 | 0.52 | 0.60/—0.01 0.16] 0.75 
A-V 34 | 0.17 |-—0.22]| 0.35 |0.22 |—0.43 
Cardiac work 20 | 0.50 0.55 |—0.13 |0.07 | 0.76 
20 | 0.09 | 0.18} 0.27 |0.07 |—0.22 


For 34 subjects r is significantly different from zero at the 

5% level of probability if r = 0.34 and at the 1% level if 

= 0.44. For 20 subjects similar values of r are 0.44 and 
0.56, respectively. 


per minute, surface area (S. A.) in square meters, 
and lean body mass (L. B. M.) in kilograms. The 
standard error of estimate of Equation 1 is 0.70 
liters per minute, and that of Equation 2 is 0.58. 
The basal cardiac output can therefore be pre- 
dicted most accurately from the lean body mass. 

Only a small advantage in prediction was found 
when multiple regression equations were used. 
The two most successful combinations are pre- 
sented below: 


Equation 3. C. O. = 0.061 (L. B. M.) 
+ 0.034 height — 4.313 
Equation 4. C. O. = 0.084 (L. B. M.) 


— 0.02 (fat weight) + 0.415, 


where height is expressed in centimeters and fat 
and lean body mass in kilograms. 
For Equation 3, the coefficient of multiple cor- 
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relation relating the predicted cardiac output with 
the observed was found to be 0.77 while that for 
Equation 4 was 0.78. The standard errors of esti- 
mate when rounded off to two places were 0.55 
liters per minute for both equations. 

It will be noted that Equation 2 assumes a linear 
relationship between the weight of a part of the 
body and cardiac output. However, it is known 
that total body weight raised to the 3/4 power 
(a curvilinear relationship) is more closely re- 
lated to oxygen consumption than is the linear re- 
gression equation (13). It is of interest then to 
examine the relationship of cardiac output and 
lean body mass raised to the power which provides 
the best fit. The regression equation between the 
log of the cardiac output and the log of the lean 
body mass yields the following power equation: 


Equation 5. C.O. = 0.167 (L. B. M.)°-%, 


The coefficient of correlation relating the loga- 
rithms of cardiac output and lean body mass was 
found to be 0.73 or of the same order of magnitude 
as that found in the linear relationship. It ap- 
pears then that there is no special advantage in 
the power equation over the linear equation. 


The arteriovenous oxygen difference and body 
composition. 


The coefficients of correlation between the ar- 
teriovenous oxygen difference and the various 
measures of body size and composition are in- 
cluded in Table II. There are two correlation co- 
efficients which are significantly different from zero. 
A positive correlation coefficient of 0.35 (p< 
0.05) between arteriovenous oxygen difference and 
percentage of fat in the body suggests a specific ef- 
fect of fat. A negative correlation between the ar- 
teriovenous oxygen difference and lean body mass 
of — 0.43 (p < 0.02) indicates that the lean body 
mass is a more important determining factor. 
Neither of these relationships are good enough to 
suggest that they be used as reference points for 
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predicting arteriovenous oxygen differences. 
However, we may examine multiple regression 
equations and here we find more useful correla- 
tions. 

The relationships between cardiac output and 
measures of fat and lean body mass are given 
below : 


Equation 6. A-V O,2 = 61.73 + 0.321 (per cent of fat) 


— 0.374 (L. B. M.) 
Equation 7. A-V O, = 66.52 + 0.310 (wt. of fat) 

— 0.436 (L. B. M.), 
where all weights are expressed in kilograms, the 
percentage of fat is the percentage of fat in the 
total body and the arteriovenous oxygen differ- 
ence is in cc. of oxygen per liter of blood. The 
correlation coefficient relating the predicted and 
observed values of arteriovenous oxygen differ- 
ence for Equation 6 is 0.65 and for Equation 7 is 
0.63 whereas the standard errors of estimates are 
0.78 and 0.80 cc. of oxygen per liter of blood, re- 
spectively. Both these correlations are signifi- 
cantly different from zero at the 1 per cent level. 
They are of the same order of magnitude as the 
correlation coefficients relating surface area and 
cardiac output, which range between 0.5 and 0.6 
(3) and must be considered to have real biological 
meaning. 


Cardiac work and peripheral resistance 


Data from which basal cardiac work and total 
peripheral resistance could be calculated were ob- 
tained on 20 men. The means and standard devi- 
ations of the cardiac work and total peripheral 
resistance along with the figures for the several 
measures of body size and composition are pre- 
sented in Table III while the correlation coeffi- 
cients have been given in Table II. It is apparent 
that the total peripheral resistance is unrelated to 
any measure of body size or body composition. 
On the other hand, basal cardiac work is corre- 
lated with total body weight, surface area, and 
lean body mass. As in the case of the cardiac out- 


The means and standard deviations of the cardiac work in kilogram meters per minute, the total peripheral resistance 
in dynes cm.~* seconds, and the several items of body size and composition in 20 young men 


Cardiac work T.P.R. Body wt., Kg. S.A Per cent fat | Fat, Kg. | Lean tedy aoe 
Mean 6.52 1,282.4 75.34 1.91 14.19 | 11.65 | 63.70 
S.D. rS7 236.6 16.93 0.19 9.44 | 10.45 10.12 
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TABLE IV 


The values of the regression coefficients and the standard 
errors of estimates of the regression equation relating 
cardiac work in kilogram meters per minute to 
measurements of body size and composition 
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b* 0.046 4.44 —0.02 0.01 0.12 
a 3.035 —1.97 6.84 6.40 —1.01 
mE. 1.361 1.31 1.55 1.57 1.02 


*a and b are defined by the following equation: 
y =a +t bx, 
where y is the predicted value and x is the reference point. 


put, the highest correlation was found between 
lean body mass and cardiac work. The regres- 
sion coefficients from which one may construct 
the regression equations relating cardiac work 
with the several measures of body size and com- 
position are presented in Table IV. 

Estimates of the volume of the heart were ob- 
tained in 16 subjects. The relationships between 
cardiac work per cc. of heart volume and body 
composition were examined. The largest corre- 
lation coefficient found was 0.42 which existed 
between the percentage of fat in the body and the 
cardiac work per cc. of heart volume. But this 
value of r would have to reach 0.50 (p = 0.05) be- 
fore it could be considered significant. The re- 
lationships between heart volume and body com- 
position will be discussed elsewhere. 


Anthropometric types and cardiovascular func- 
tions 


Equations 6 and 7 make it clear that different 
proportions of fat and lean body mass will have 
definite consequences in cardiovascular function. 
To illustrate these effects in more detail we have 
plotted the weight of fat against the lean body 
mass in Figure 3. The vertical line on the figure 
indicates the mean of the lean body mass in the 
group under study and the horizontal line is 
drawn through the mean of fat weights. The box 
in the center outlined by the dotted lines encloses 
an arbitrarily chosen “normal” group. The group 
in the lower left-hand quadrant is considered to 
to be low in lean body mass and low in fat; the 
group in the upper left-hand quadrant, high in fat 
and low in lean body mass; the group in the upper 
right-hand quadrant, high in fat and in lean body 
mass; whereas the group in the lower right-hand 


quadrant is high in lean body mass and low in fat. 
The characteristics of the five groups are pre- 
sented in Table V. Inspection of the data reveals 
that those persons with a small lean body mass and 
a large weight of fat have high arteriovenous oxy- 
gen differences and those with a large lean body 
mass and only small amounts of fat have low ar- 
teriovenous oxygen differences. 

The application of the usual ¢ test demonstrated 
that the mean arteriovenous oxygen differences 
were significantly different at the 5 per cent level 
for the following two pairs: 1) “normal” vs. high 
fat, low lean body mass, 2) high fat, low lean body 
mass vs. high fat, high lean body mass. In ad- 
dition, a significant difference at the 1 per cent 
level was found between the means of the ar- 
teriovenous oxygen differences in the following 
pair: 1) high fat, low lean body mass vs. low fat, 
high lean body mass. The differences between 
the cardiac indexes were also found to be signifi- 
cant between the same pairs of groups. However, 
in the case of this variable it was shown that the 
cardiac index of the group with high fat, low lean 
body mass differed significantly from that with 
low fat, low lean body mass. None of the groups 
showed any significant differences in the cardiac 
output per kilogram of lean body mass. 

Other methods of defining anthropometric cate- 
gories may be employed. We have plotted the 
weight of fat per unit of height against the lean 
body mass per unit of height. The means of each 
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The means and standard deviations of the arteriovenous oxygen difference (A—V), the cardiac index (cardiac output per 
square meter of body surface) and the cardiac output in cc. per minute per kilogram of lean body mass along with 


ody composition and anthropometric characteristics of five groups of differing body composition 


Anthropometric type 
Normal 

Fat wt. low Fat wt. high Fat wt. high Fat wt. low 

L. B. M. low L. B. M. low L. B. M. high L. B. M. high 
N 9 8 4 5 7 
Age 23.0 + 1.8 22.1 + 2.4 23.8 +5.2 24.0 + 2.7 23.1 + 3.6 
Wt. of fat 9.3 + 2.9 2.8 + 2.6 19.7 +4.1 27.4 + 9.9 4.3 + 2.0 
Lean body mass 64.6 + 1.2 $55.1 + 4.7 58.9 +2.2 73.4 + 8.9 70.1 + 6.6 
% standard wt. 107.1 + 7.9 87.6 +10.3 121.0 +9.45 142.1 +19.3 104.2 +10.8 
A-V 41.084 4.08 42.574 7.44 48.0 +4.48 41.314 2.62 38.42+ 4.27 
Cardiac index 3.05+ 0.32 2.98+ 0.42 2.43+0.15 2.8 + 0.30 3.144 0.25 
C. O., cc./Kg. L. B. M. 89.9 +10.2 91.5 +145 78.8 +3.6 83.2 + 6.4 86.6 + 3.9 


measurement were used in a manner similar to that 
in Figure 3 to establish the quadrants. A normal 
group was chosen and the differences between the 
mean arteriovenous oxygen differences of the 
several groups were tested with the ¢ test. Sig- 
nificant differences were found between the same 
pairs of groups which are listed above. In ad- 
dition, the “normal” group showed a mean ar- 
teriovenous oxygen difference which was signifi- 
cantly (5% level) higher than the group which 
was characterized by a large lean body mass per 
unit height and small fat weight per unit height. 

Anthropometric groups were also defined by 
plotting the percentage of standard weight for age 
and height against the percentage of fat, a pro- 
cedure employed by McCance and Widdowson 
(14). The quadrants were defined by the line 
following 100 per cent of standard weight and 9.8 
per cent fat. The figure of 9.8 per cent fat is the 
percentage of fat of a man 22 years old where 
weight is standard for height and age (15). An 
alternative presentation involved plotting the per- 
centage of standard weight against the percentage 
of standard fat for age and height. The latter 
figure was found by the use of the tables provided 
by Brozek (16). Both of these procedures al- 
locate the men into groups whose members were: 
1) underweight for height and with a less than nor- 
mal percentage of fat, 2) overweight for height 
and with a greater than normal percentage of fat, 
and 3) overweight for height and with a less than 
normal percentage of fat. In each formulation a 
control group, clustered around the center of the 
diagram, was chosen. In each case, it was pos- 
sible to show that the group which was fat and 


overweight had an arteriovenous oxygen differ- 
ence which was significantly larger than the group 
which was overweight and lean. 


DISCUSSION 


The classification of body build used here de- 
pends entirely on the validity of the specific gravity 
method. The calculation of the percentage of 
body fat in an individual depends on knowing the 
density of the lean body mass. We have used the 
figure of 1.10, provided by Rathbun and Pace (10). 
The use of a single figure for the density of the 
lean body mass is obviously an approximation. 
Since bone has a density of 1.43 and all other 
tissues a density of the order of 1.066, the im- 
portant source of error is the variation in the frac- 
tion of bone in the lean body mass. The impor- 
tant relations are given in the following equation : 


( 
where D is the observed density of the body and 
R is the fraction of wet bone in the lean body mass. 
A density of 1.10 for the lean body mass requires 
an R value of 0.1214. Ina muscular man, who has 
a smaller value of R, the standard equation will 
overestimate the fat content of the body, whereas 
in the thin man, who has a value of R larger than 
0.1214, the fat content will be underestimated. 
Reasonable estimates of the variation in the value 
of R indicates that the error due to this source 
is probably not greater than 3 to 4 per cent of the 
total body weight. This problem will be discussed 
in more detail elsewhere. 


Equation 8. Per cent of fat 


4.188 


1 4.562 


0.6334 +R 


i 
| 
| | | 
| 
SD 
. 


982 


It has been recognized by other investigators 
(17) that the lean body mass may be a better 
reference point than surface area for such biologi- 
cally important functions as basal metabolism, 
blood volume, etc. This possibility has been con- 
firmed by this investigation in the case of the 
cardiac output. 

However, the advantage of the lean body mass 
over the surface area as a reference point in 
clinically normal men appears to depend entirely 
on the relationships between the arteriovenous 
oxygen difference and the body compartments. 
It is not the purpose of this paper to examine the 
relationships between the basal metabolic rate and 
the various body compartments. However, it 
should be mentioned that in this data the correla- 
tion between oxygen consumption and_ surface 
area was of the same order of magnitude as that 
between oxygen consumption and lean body mass. 

No relationship was found between blood pres- 
sure measured intra-arterially and body size or 
composition. This is, of course, contrary to ob- 
servations made on large groups using the sphyg- 
momanometer (18) where it was shown that the 
blood pressure increased with increasing relative 
weight. It has been assumed that the blood pres- 
sure increased with fatness. Our failure to find 
an increase in blood pressure with obesity is not 
surprising in view of the recent demonstration that 
the cuff method overestimates the blood pres- 
sure in arms of large diameter and underestimates 
the blood pressure in arms of small diameter (19, 
20). The group studied here is small and it is 
not possible to state that there is not a relation be- 
tween blood pressure and degree of obesity. 
However, it is clear that if such a relation exists 
the increment of blood pressure per unit of fatness 
must be small. 

Equation 7 makes it clear that certain anthro- 
pometric types have characteristic arteriovenous 
oxygen differences. Since the cardiac output is 
equal to the oxygen consumption divided by the 
arteriovenous difference, it follows that the basal 
cardiac output is not strictly proportional to the 
basal oxygen consumption in individuals with dif- 
ferent body compositions. In addition, the sig- 
nificant differences between the cardiac indexes of 
different anthropometric groups presented in 
Table V demonstrates that the cardiac output is 
not strictly proportional to the surface area in the 

several anthropometric types. 
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It is apparent that the largest cardiac outputs 
per square meter of surface area and per cc. of 
oxygen consumption will be found in muscular 
(large lean body mass) individuals who have a rel- 
atively small fat content. Fatness per se does not 
necessarily mean that the basal cardiac output and 
cardiac work has been increased in proportion to 
the increase in surface area or oxygen consump- 
tion. Thus, those people with a relatively small 
lean body mass and a relatively large mass of fat 
will have cardiac outputs which are definitely less 
than that predicted from surface area or oxygen 
consumption. The person who has a large fat-mass 
which is superimposed on a large muscle-mass 
(lean body mass) may have a cardiac output nearly 
proportional to the surface area and to oxygen 
consumption. 

The increasing arteriovenous oxygen difference 
associated with increasing amounts of fat on the 
body may well act as a protective mechanism since 
it reduces the cardiac work load below that which 
would exist if the cardiac output always remained 
proportional to the oxygen consumption. In this 
connection it is interesting to note that Smith and 
Willius (21) were able to find evidence of cardiac 
hypertrophy at autopsy in only 30 per cent of 52 
obese patients who were selected because there 
was no evidence of heart failure or hypertension. 

Finally, it should be kept in mind that the con- 
clusions of this investigation apply strictly to 
young men in their twenties who are living in a 
university environment. Preliminary studies of 
middle-aged business men (22) have demonstrated 
that the arteriovenous oxygen difference changes 
markedly with age. 


SUMMARY AND CONCLUSIONS 


1. The basal cardiac outputs of 34 healthy male 
university students were determined by the acety- 
lene technic and the values were corrected to di- 
rect Fick levels. The specific gravity of the body 
was determined by the water immersion method 
and the amount of body fat was estimated for all 
men. 

2. It was found that the basal cardiac output 
was related to body weight by a correlation coeff- 
cient (r) of 0.54, to surface area by an r of 0.60, 
to the weight of lean body mass by an r of 0.74 
and finally to the weight of fat by an r of 0.16. 

3. Intra-arterial blood pressure was measured 
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on 20 of these men and basal cardiac work was 
calculated. The basal cardiac work was related 
to anthropometric measures of body mass and 
compartments in roughly the same manner as 
basal cardiac output. The coefficients of correla- 
tion relating basal cardiac work to body weight, 
surface area, weight of fat-free tissue and fat were 
found to be 0.50, 0.55, 0.76, and 0.07, respectively. 

4. The arteriovenous oxygen difference was 
positively correlated with fat and negatively cor- 
related with lean body mass. The arteriovenous 
oxygen difference predicted by a multiple regres- 
sion equation using the weight of fat and the lean 
body mass as predictors was related to the ob- 
served arteriovenous oxygen difference by a co- 
efficient of correlation of 0.63. 

5. It was shown that the basal cardiac output 
was not strictly proportional to surface area and 
oxygen consumption in certain anthropometric 
types. 
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Intravenous administration of desoxycortico- 
sterone glucoside (DCG) in man has been reported 
to cause an immediate liberation of sugar from the 
brain into cerebral venous blood (1). It is said 
that a portion of this reducing substance may be 
galactose rather than glucose as it is non-fer- 
mentable (1). The finding in the fasting state of 
blood glucose levels higher in blood draining an 
organ than in the blood entering it is unusual ex- 
cept in the liver. As the reported findings postu- 
lated a new physiological concept, an attempt was 
made to confirm these studies. 

In the original report, the rise in sugar con- 
centration in internal jugular blood was found af- 
ter the injection of DCG and during the period of 
inhalation of 15 per cent N,O. As these proce- 


dures were reported not to cause a change in cere- 
bral blood flow or cerebral oxygen consumption 
(1), only measurements of blood sugar content 
were made following 1) intravenous DCG and 2) 
inhalation of 15 per cent and 50 per cent N.O. 


METHOD 


Seven physically normal subjects were studied in the 
fasting state. Blood specimens were obtained from the 
femoral artery and from the internal jugular vein (2). 
After control specimens were taken, DCG 3 (50 mg. in 5 
ce. water containing 10% glucose and 109% acetamide) 
was given intravenously into an antecubital vein over a 
time period of one minute. Simultaneously drawn arterial 
and cerebral venous blood samples were taken at fre- 
quent intervals from one to fifteen minutes after injection. 

All blood sugar determinations were done in duplicate, 
using Nelson's (3) modification of the Somogyi method 
for measuring blood glucose. 


1This investigation was supported, in part, by a re- 
search grant from the National Institutes of Health, U. S. 
Public Health Service. 

2American Heart Association Fellow. Present ad- 
dress: Ohio State University, Columbus, Ohio. 

3 The desoxycorticosterone glucoside used in this study 
was generously supplied by the Ciba Pharmaceutical 


Products, Inc., Summit, New Jersey. 
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RESULTS 


In Table I are given the simultaneous arterial- 
cerebral venous sugar differences in six subjects 
after intravenous administration of 50 mg. of DCG. 
No change in A-V difference or in blood sugar 
level occurred. 

Table II shows the effect of 15 per cent and 50 
per cent N,O on blood sugar levels and on ar- 
terial-cerebral venous sugar difference. The re- 
sults are those obtained on one subject after in- 
halation of 15 per cent N,O over a period of 10 
minutes and, after inhalation of 50 per cent N.O 
over a second 10-minute period. The patient noted 
slight drowsiness with the second procedure but 
no other symptoms. 


DISCUSSION 


DCG, in the dosage used, did not significantly 
change blood sugar levels or arterial-cerebral ve- 
nous blood sugar difference. The slight immedi- 
ate, but brief, increase in both arterial and cerebral 


TABLE I 


Effect of intravencus administration of 50 mg. of 
desoxycorticosterone glucoside on arterial-cerebral 
venous glucose differences 


(All values are given in mg. %) 


Time in minutes (after DGG) 


Con- 
trol | 
2 4 6 8 10 | 15 
10.9) 13.1} 14.0) 12.6 16.1} 15.2 
D. B. 13.7} 13.0} 13.2} 12.6; 12.0} 9.0 
B. V. 11.7) 13.3) 16.9) 14.3 14.9 
12.0} 15.9} 12.3) 12.3 10.6 
N. P. 12.0) 10.0} 8.7) 8.0) 10.7 12.3 
11.3) 13.5} 13.9} 11.3) 10.6 
Mean 11.9} 13.1] 13.2) 11.9 12.4 
Avg. art. blood 96.1) 98.1) 96.2) 94.0 93.6 
sugar, mg. % 

Avg. cerebral 84.0} 85.0) 83.0) 82.1 81.2 


venous blood 
sugar, mg. 
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FAILURE OF DCG TO ALTER CEREBRAL VENOUS SUGAR 


TABLE Il 


Effect in one subject of 15% and 50% N20 on arteriakcerebral venous glucose differences 
(All values are given in mg. %) 


Before N20 
Minutes 


During 15% N2O breathing 


5 


6 7 


1) Arterial, mg. % 118.3 | 117.7 118.8 
2) Cerebral venous 109.6 | 109.6 108.5 
3) A-V sugar difference Sia 8.1 10.3 


117.7 116.7 112.1 
106.0 102.9 102.9 
11.7 13.8 9.2 


Minutes 


During 50% N2O breathing 


2 


3 


4 5 6 7 


1) Arterial, mg. % 108.5 | 106.5 | 105.0 | 103.4 
2) Cerebral venous 95.7| 96.3 | 95.7| 96.8 
3) A-V sugar difference 12.8 10.2 9.3 6.6 


103.9 106.0 103.4 
96.8 98.8 96.8 
6.6 


venous glucose blood levels is related to the glucose 
content used as a solvent for the DCG. This 
amounts to 500 mg. of glucose (5 cc. of DCG is 
dissolved in 10 per cent glucose and 10 per cent 
acetamide). This amount would be rapidly dis- 
persed into body tissues and the degree of blood 
sugar rise in the blood stream would be related 
to amount of sugar injected, rate of injection, and 
the time following injection. If all injected glu- 
cose remained intravascularly, 500 mg. would 
theoretically raise the glucose level about 10 mg. 
per cent in a man of average size. 


SUMMARY AND CONCLUSIONS 


1. Desoxycorticosterone glucoside, in the dos- 
age used, did not narrow arterial-cerebral venous 
glucose difference. In no instance did cerebral 


venous blood sugar content surpass or approach 
arterial levels. 

2. Nitrous oxide in 15 per cent and 50 per cent 
concentrations, in one patient, did not cause an 
increase in the cerebral venous blood glucose 
content. 
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Attention has recently been focused upon the 
potential role played by the intestinal flora in 
hepatic disease. The experiments of Gyorgy and 
his co-workers (1, 2) have pointed to a possible 
relationship existing between intestinal bacteria 
and the production of massive hepatic necrosis in 
rats. With the addition of aureomycin and other 
antibiotics to the diet of such animals, these in- 
vestigators have shown that survival is possible 
under conditions which will otherwise produce a 
diffuse hemorrhagic necrosis of the liver, A 
similar phenomenon may explain, at least in part, 
the improvement noted in certain cases of chronic 
hepatic disease who have been treated with anti- 
biotics (3, 4). Dramatic but temporary improve- 
ment has also been observed with the use of 
aureomycin administered intravenously in cases of 
hepatic coma (5). Whether the improvement 
noted in such cases can be related specifically to 
an antibiotic effect remains subject to final proof. 

Current interest in the bacteriology of the liver 
has been aroused by Rienhoff (6) and others who 
propose ligation of the hepatic artery in man for 
the relief of portal hypertension and bleeding 
esophageal varices. In dogs such a procedure is 
known to be highly fatal (7). Markowitz (8) 
has recently demonstrated, however, that death 
from the interruption of arterial blood flow to 
the liver in dogs can be prevented in most cases 
with the use of penicillin administered immediately 
postoperatively. This is thought to be related to 
the prevention of spread of gas bacillus infection 
in the liver which otherwise ensues in such prepa- 
rations when the antibiotic is omitted (7,9). 

It has been conclusively demonstrated that bac- 
teria, especially of the genus clostridia, are regu- 
larly present in the livers of dogs (10-14). Ex- 

1 Major, M.S.C., A.U.S. 


2 Captain, M.C., A.U.S. 
8 Major, M.C., U.S.A.F. 


perimental studies in these and other animals have 
suggested that intestinal bacteria present in the 
liver and other tissues may be of importance in the 
pathogenesis of shock and radiation injury (15, 
16). Because of these animal experiments and 
the known function of the liver as the significant 
filtering organ for portal blood, it seemed of some 
importance to ascertain whether or not viable bac- 
teria are present in the human liver. If bacteria 
were demonstrated to be consistently present, con- 
clusions from animal experiments in these impor- 
tant areas of trauma would be more directly ap- 
plicable to human situations. 

Mason and Hart (17) have demonstrated 
anaerobic organisms in five human livers studied 
post mortem. This observation is not particularly 
surprising since it is believed that bacteria of all 
types may invade the blood stream and the tis- 
sues after death. The principal source of such 
organisms is probably the intestinal tract from 
which anaerobes reaching the liver could easily 
originate. Romieu and Brunschwig (18) have 
recently reported a series of twelve human pa- 
tients from whom liver biopsies were taken and 
cultured at the time of laparotomy for neoplasms 
of the lower gastrointestinal tract. In one of these 
a positive culture of Bacillus pyocyaneus was found 
not only in the liver but also in the urine and in 
the operative wound. From this study the au- 
thors concluded that there is no “normal flora” of 
the human liver. 

The present investigation was undertaken to de- 
termine the possible presence of living bacteria 
in the human liver in normal persons and in acute 
and chronic liver disease. It was believed that if 
the liver is capable of a bactericidal function 
in life, this bactericidal function was more likely 
to be impaired when other structural and func- 
tional impairment of the liver coexisted. Positive 
results in such a study would provide a firmer 
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BACTERIOLOGY OF THE HUMAN LIVER 


basis than now exists for the use of antibiotic 
therapy in such patients. 


EXPERIMENTAL METHODS 


All of the specimens used in this study were obtained 
by means of a biopsy of the liver with a Vim-Silverman 
needle. Eighty-six samples were obtained from 66 pa- 
tients, some of the patients having been biopsied on more 
than one occasion (Table I). Twenty-five of the speci- 
mens were obtained with the Silverman needle at the 
time of laparotomy; eleven from the right lobe and four- 
teen from the left lobe. All the others were from the 
right lobe via the transpleural approach. Liver biopsies 


were also taken from twenty anesthetized dogs (Table 
iT). 


Bacteriological s* dies of human liver biopsies 


TABLE I 
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A sterile technic was employed in all instances. In 
the non-laparotomized humans and in the dogs, the biopsy 
site was thoroughly cleansed and painted twice with mer- 
thiolate. The area was then draped and a stab wound 
made after infiltration with one per cent novocaine (novo- 
caine was not used in the anesthetized dogs). When the 
specimen of liver was obtained a small piece was im- 
mediately removed and planted in 20 cc. of broth pre- 
pared according to the formula of Kammerer and Miller 
(19).4 The liver specimens were macerated against the 
bottom of the tube with a sterile blunt glass rod, and the 


4 This.media was used as a primary one in this study 
since it was experimentally shown that it would support 
the growth of certain intestinal anaerobic flora not sup- 
ported by Brewer’s thioglycollate media. 


Cultures 


Remarks 


Anaerobic 


Diagnosis 
Aerobic 
Case 1 Acute hepatitis Negative 
Case 2 Acute hepatitis Negative 
Case 3 Acute hepatitis Negative 
Case 4 Acute hepatitis Negative 
Case 4 Acute hepatitis Negative 
Case 4 Acute hepatitis Negative 
Case 5 Acute hepatitis Negative 
Case 5 Acute hepatitis Negative 
Case 6 Acute hepatitis Negative 
Case 6 Acute hepatitis Negative 
Case 7 Acute hepatitis Negative 
Case 8 Acute hepatitis Negative 
Case 9 Acute hepatitis Negative 
Case 10 Acute hepatitis Negative 
Case 11 Acute hepatitis Negative 
Case 12 Acute hepatitis Negative 
Case 13 Acute hepatitis Negative 
Case 14 Acute hepatitis Negative 
Case 15 Acute hepatitis Negative 
Case 16 Acute hepatitis Negative 
Case 17 Acute hepatitis Negative 
Case 18 Acute hepatitis Negative 
Case 19 Acute hepatitis Negative 
Case 20 Chronic hepatitis Negative 
Case 21 Chronic hepatitis Negative 
Case 21 Chronic hepatitis Negative 
Case 22 Chronic hepatitis Negative 
Case 23 Chronic hepatitis Negative 
Case 24 Chronic hepatitis Negative 
Case 25 Chronic hepatitis Negative 
Case 26 Chronic hepatitis Negative 
Case 27 Chronic hepatitis Negative 
Case 28 Chronic hepatitis Negative 
Case 29 Hepatic cirrhosis Negative 
Case 30 Hepatic cirrhosis Negative 
Case 30 Hepatic cirrhosis Negative 
Case 31 Hepatic cirrhosis Negative 
Case 32 Hepatic cirrhosis Negative 
Case 32 Hepatic cirrhosis Negative 
Case 33 Hepatic cirrhosis Negative 
Case 34 Hepatic cirrhosis Negative 
Case 35 Hepatic cirrhosis Negative 
Case 35 Hepatic cirrhosis Gram neg. 
bacillus* 
Hepatic cirrhosis Negative 


Negative 
Negative 
Negative 
Negative | 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Gram neg. 
bacillus* 
Negative 


Biopsy 10 days later 
Biopsy 6 months later 


Biopsy 30 days later 


Biopsy 30 days later 


Biopsy 9 weeks later 


Biopsy 6 weeks later 


Biopsy 8 weeks later 


Left lobe at laparotomy 


| 
| | | on 
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Diagnosis 


Cultures 


Anaerobic 


Aerobic | 


Remarks 


Hepatic cirrhosis 
Hepatic cirrhosis 


Fungus at 3 weeksf 
Strep. pyogenes, E. coli, 
P. vulgaris & P. mirabilis 


Left lobe at laparotomy 


Biopsy 30 minutes after death 


Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
-Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 


Hepatic cirrhosis 
Hepatic cirrhosis 
Hepatic cirrhosis 
Hepatic cirrhosis 
Hepatic cirrhosis 
Hepatic cirrhosis 
Hepatic cirrhosis 
Hepatic cirrhosis 
Hepatic cirrhosis 
Fatty liver 
Fatty liver 
Fatty liver 
Fatty liver 
Fatty liver 
Fatty liver 
Hemolytic jaundice 
Amebic hepatitis 
No liver disease 
No liver disease 
No liver disease 
No liver disease 
No liver disease 
No liver disease 
No liver disease 
No liver disease 
No liver disease 
No liver disease 
No liver disease 
No liver disease 
No liver disease 
No liver disease 
No liver disease 
No liver disease 
No liver disease 
No liver disease 
No liver disease 
No liver disease 
No liver disease 
No liver disease 
No liver disease 


Negative 
Negative 
Negative Right lobe at laparotomy 
Negative Left lobe at laparotomy 

Negative Right lobe at laparotomy 
Negative Left lobe at laparotomy 

Negative Right lobe at laparotomy 
Negative Left lobe at laparotomy 

Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 


Right lobe at laparotomy 
Left lobe at laparotomy 
Right lobe at laparotomy 
Left lobe at laparotomy 
Right lobe at laparotomy 
Left lobe at laparotomy 
Right lobe at laparotomy 
Left lobe at laparotomy 
Right lobe at laparotomy 
Left lobe at laparotomy 
Right lobe at laparotomy 
Left lobe at laparotomy 
Right lobe at laparotomy 
Left lobe at laparotomy 


Right lobe at laparotomy 
Left lobe at laparotomy 
Right lobe at laparotomy 
Left lobe at laparotomy 


* A Klebsiella-like organism not further identified. 
t Not believed to be a contaminant; grown directly from 


tube was shaken manually to distribute the particulate 
material. Ten milliliters of the inoculated medium were 
then transferred by pipet to another tube and 1 ml. of 
this was placed in 10 ml. of Brewer's thioglycollate broth. 
The initial culture was incubated anaerobically under 
tensions of ten per cent hydrogen, ten per cent carbon 
dioxide, and eighty per cent nitrogen in Brewer's an- 
The 10 ml. transfer and the thioglycollate 
Micro- 


aerobic jars. 
subculture were incubated aerobically at 37° C. 
scopic examination of stained preparations and subcul- 
tures to blood-agar plates were made at forty-eight and 
ninety-six hours from all three liquid media. The blood- 
agar plates were made in duplicate with one set incubated 
aerobically and the other anaerobically under the condi- 
tions described above. The blood-agar plates were ex- 
amined for growth at twenty-four hours and forty-eight 


a piece of liver tissue. 


hours. Positive cultures were identified by the usual bac- 
teriological procedures. 


RESULTS 


Eighty-five biopsies of human livers were taken 
from living patients and handled in the above man- 
ner. One biopsy was obtained thirty minutes af- 
ter death from a patient with advanced liver dis- 
ease. The results of these studies are summarized 
in Table I. 

It can be seen in Table I that there were three 
cultures that yielded organisms both aerobically 
and anaerobically (case 35, case 37, and case 38) 
in the human material. One of these (case 38) 


988 
Case 37 
@ Case 38 : 
Case 39 
Case 40 
Case 41 
Case 41 . 
Case 42 ; 
Case 42 
Case 43 
Case 43 
_ ah Case 44 
Case 45 
Case 46 
: Case 47 
5 | Case 48 
Case 49 
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TABLE II 

Diagnosis Aerobic Anaerobic 
1. Dog 1 Normal liver | Negative Clostridia 
2. Dog 2 | Normal liver | Negative Clostridia 
3. Dog 3 Normal liver | Negative Negative 
4. Dog 4 Normal liver | Negative Negative 
5. Dog 5 Normal liver | Negative Negative 
6. Dog 6 | Normal liver | Negative Negative 
7. Dog 7 Normal liver | Negative Negative 
8. Dog 8 | Normal liver | Negative Negative 
9. Dog 9 Normal liver | Negative Negative 
10. Dog 10 | Normal liver | Negative Negative 
11. Dog 11 | Normal liver | Negative Negative 
12. Dog 12 | Normal liver | Negative Negative 
13. Dog 13 | Normal liver | Negative Clostridia 
14. Dog 14 | Normal liver | Negative Clostridia 
15. Dog 15 | Normal liver | Negative Clostridia 
16. Dog 16 | Normal liver | Negative Negative 
17. Dog 17 | Normal liver | Negative Clostridia 
18. Dog 3a | Normal liver | Negative Negative 
19. Dog 4a | Normal liver | Negative Clostridia 
20. Dog 5a | Normal liver | Negative Negative 


was in the patient from whom a biopsy was taken 
thirty minutes after death. There were found 
growing from this liver a Streptococcus pyogenes, 
Escherichia coli, Proteus vulgaris, and Proteus 
mirabilis. From a specimen of case 35 obtained 
from the left lobe of the liver at the time of lapa- 
rotomy there was grown a gram-negative faculta- 
tive aerobic organism, species unknown, which re- 
sembled closely a Klebsiella. Also from the left 
lobe of the liver at laparotomy a fungus was found 
to grow in case 37 which was of the Aspergillus 
species and believed to be non-pathogenic. 
This appeared to be growing out of a tiny 
fleck of liver tissue and was not believed to be a 
contaminant. None of these patients was re- 
ceiving antibiotics at the time of biopsy. The cul- 
tures from all of the other cases were negative, both 
under aerobic and anaerobic conditions. The bi- 
opsies taken from the dogs, on the other hand, 
showed a growth in seven of the twenty specimens 
(Table II). This is considered to be a significant 
check against both the technic used for obtaining 
the biopsy specimen and for the bacteriological 
method of isolation. 


DISCUSSION 


There is abundant evidence in the literature 
that not only the liver but other organs of dogs, 
cats, guinea pigs, hogs and rabbits may harbor bac- 
teria during life (10, 11, 20). The liver has been 
cited as the source of bacteria or bacterial prod- 
ucts resulting in the death of dogs where liver 
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fragments have been placed in the peritoneal cavity 
(12, 14, 21, 22) Although there has been some 
controversy as to the actual cause of death in 
these experiments, it appears likely that it results 
from the breakdown products of bacterial growth 
in the liver implanted in the peritoneal space 
rather than directly from the bacteria themselves 
(23-26). It has been shown that fresh sterile 
liver implanted in the peritoneal cavity will not 
cause death, but fresh sterile liver incubated with 
added bacteria will cause death when implanted in 
the peritoneum of a recipient animal (14). The 
importance of these experimental findings from a 
practical point of view seem to relate to hepatic 
trauma either through an external force or second- 
ary to abdominal surgery where hepatic tissue may 
be left free in the peritoneal cavity (25, 27). 
Such a possibility also exists when a portion of 
the liver is rendered relatively anoxic by interrup- 
tion of its arterial blood supply (17). An actual 
or potential bacterial flora of the liver may like- 
wise be of some importance in shock where an in- 
sufficient oxygenation of the liver may lead to a 
rapid multiplication of anaerobic organisms. 

The role of the liver as a screening organ for bac- 
teria coming from the intestinal tract has received 
some attention in the past. Berg, Zau, and Job- 
ling (13) pointed out a possible bacteriostatic 
function of the liver by demonstrating positive 
cultures from the livers of dogs with negative cul- 
tures from pure bile in the same animals.: When 
the bile was diluted, however, these cultures then 
became positive, suggesting that the bacterio- 
static property was altered with dilution. Whipple 
and Harris (28) have reported four cases of he- 
patic cirrhosis in whom there was found a Bacillus 
coli septicemia. The authors believed that this 
reflected an interference of the function of the 
liver as a bacterial filter due to the circulatory 
changes of cirrhosis and to a possible lowering of 
resistance to bacteria. Beeson, Brannon, and 
Warren (29) conclusively demonstrated in pa- 
tients with subacute bacterial endocarditis that the 
liver served as a filtering organ for bacteria. They 
showed that the concentration of bacteria in the 
hepatic vein blood was strikingly less than that in 
the peripheral circulation. 

It has not as yet been definitely established that 
there is seeding of the liver with bacteria coming 
from the intestine. This seems likely, however, 
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since it has been shown by Ellis and Dragstedt 
(14) that fetal dog livers will not produce the 
“liver autolysis” previously described. It has also 
been shown by Brim (30) that only six of one 
hundred livers from human. stillborn infants 
showed positive growth upon culture. In these 
six cases, the organisms grown were character- 
istically those present in the intestinal tract. These 
experiments tend to show that when there are no 
bacteria in the intestine, as in the fetus, bacteria 
are not likely to be present in the liver. 

That the portal blood contains bacteria has like- 
wise not been established. Arnold demonstrated, 
on the other hand, by cannulating the thoracic duct 
in dogs that bacteria could be found in the thoracic 
lymph five to thirty minutes after they had been 
placed in the duodenum along with alkaline solu- 
tions of egg white (31). Thus, it is entirely pos- 
sible that such bacteria as are present may have 
reached the liver and other tissues of animals via 
the thoracic duct and the general circulation. 

The experimental data herein reported show 
that in hepatic diseases and in normal livers viable 
bacteria are present in the liver in life only in a 
very small proportion of cases. As soon as thirty 
minutes after death, however, multiple organisms 
may be demonstrated. 

Some criticism may be directed at the technic 
employed in these cases. Since a Vim-Silverman 
needle was used in all cases, the biopsy undoubtedly 
came from the peripheral portion of the liver. 
Trusler and Martin (32) have shown that the 
stromal elements, that is, blood vessels, bile ducts 
and connective tissue are far more effective in the 
production of fatal hepatic peritonitis in dogs than 
are the parenchymal elements. These authors 
state that the periphery of the liver contains a rela- 
tively large proportion of parenchymal tissue and 
hence fewer bacteria. It was for this reason that 
the livers of the dogs used in this study were biop- 
sied and cultured with a technic identical to that 
used in the human cases. With the same pro- 
cedure, therefore, dog livers were found to harbor 
bacteria in a far greater percentage than did hu- 
man livers. 

Of some interest is the fact that growth was 
demonstrated in the left lobe of two of the cases 
(case 35 and case 37). The right lobe in case 35 
had previously been biopsied and found to contain 
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no bacteria. Trusler and Reeves (33) found 
that the bacterial content in the left lobe of the 
liver in dogs is more profuse than in the right lobe. 
This may be related to the stream lining of portal 
blood to the liver, causing a greater concentration 
of organisms or otherwise creating local conditions 
which are more favorable for bacterial survival and 
multiplication (34, 35). It should be remembered 
at the same time, however, that both of these biop- 
sies were taken at surgery, and the manipulation 
of the gastrointestinal tract, the anesthesia ad- 
ministered, or the presence of anoxia may have 
influenced the finding of hacteria in the liver. 
The biopsies taken at surgery from the right and 
left lobes of other cases with hepatic cirrhosis 
(cases 34, 41, 42, and 43), on the other hand, and 
from patients with no hepatic disease (cases 57, 
58, 59, 60, 61, 62, 65, and C5) showed no growth. 
Although it would appear from this study that 
bacteria ordinarily are not found in the liver of 
humans, it does not seem possible to conclude that 
the presence of bacteria in the liver arising from 
the intestinal tract play no major role in disease. 
It has been shown that bacteria may invade the 
liver within a very short time after death. It is 
also possible that this may take place in certain 
abnormal physiologic states such as in connection 
with abdominal trauma, surgery, irradiation, 
shock, anoxia, or other circumstance leading to 
local changes in the intestinal wall. These data 
seem to show, however, that bacteria are much less 
commonly present in the human liver than in the 
liver of dogs. Due caution must therefore be ex- 
ercised in the application to man of experimental 
data from dogs involving the flora of the liver. 


SUMMARY AND CONCLUSIONS 


Animal experiments point to a possible role 
played by the intestinal flora in hepatic disease. 
The presence of bacteria in the liver suggests an 
explanation for death due to “liver autolysis” and 
for death following hepatic artery ligation in dogs. 
The presence of bacteria in human liver was sought 
for by means of culture of liver biopsy material 
under aerobic and anaerobic conditions. Only two 
of eighty-five cultures from living patients were 
found to be positive. It may be of some signifi- 
cance that these cultures were taken from the left 
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lobe of the liver at the time of laparotomy. As a 
check of the technic, biopsies were taken from dogs 
and handled in an identical fashion. Thirty-five 
per cent of these were positive. It is conceded that 
although under special circumstances bacteria from 
the intestinal tract invade the human liver and 
may contribute to morbidity, caution should be 
exercised in the transfer to man of conclusions 
drawn from animal experiments. 
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ABNORMAL GLYCINE METABOLISM IN RHEUMATOID 
ARTHRITIS 


By H. M. LEMON,! W. H. CHASEN,? ann J. M. LOONEY 3 


(From the Arthritis Clinic, Boston Regional Office, Veterans Administration, and the Depart- 
ments of Medicine and Biochemistry, Boston University School of Medicine, 


Connective tissue is considered to be composed 
of tightly folded polypeptide chains, resting in an 
extracellular amorphous ground substance con- 
sisting of polymerized muco-polysaccharides. As 
a result of the pioneering investigations of Meyer 
(1) and Duran-Reynals (2), considerable investi- 
gation has been carried out concerning alterations 
in composition and permeability of the ground 
substance in diseases affecting connective tissues 
(3). Alterations in the polypeptide chains re- 
sponsible for the tensile strength and elasticity of 
connective tissue, however, have not yet been ade- 
quately studied in these diseases, nor is there any 
information available concerning the factors re- 
sponsible for maintaining the integrity of this 
widely prevalent extracellular protein network. 
Methods suitable for clinical investigation have 
been lacking for investigation of this problem. We 
wisli to report an adaptation of the hippuric acid 
liver function test devised by Quick (4), which 
has revealed in patients with active rheumatoid 
arthritis abnormal metabolism of at least one of 
the major amino acid components of collagen. 
These patients fail to maintain their serum gly- 
cine within 15 per cent of the fasting value after 
the administration of 1.77 gm. sodium benzoate 
intravenously. 

The basis for our observations rests upon the 
unique chemical composition of the proteins, col- 
lagen and elastin. Glycine constitutes 22.8 to 
27.6 per cent by weight of these substances, ac- 
counting for approximately one-third of the total 
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The 
glycine content of these proteins is unlike that 
of any other human extracellular (see Table 1) 


amino acid residues in these proteins (5). 


or intracellular proteins whose composition has 
been described (6). Any widespread increase in 
collagen synthesis in the body might therefore be 
reflected in a considerable in the re- 
quirements of this amino acid. Although glycine 


increase 


is not an essential amino acid, its rate of synthesis 
is so limited that dietary supplementation is nec- 
essary in birds where large amounts of collagen 
are needed for feather development (7). Further- 
more, excessive excretion of glycine as hippurate 
has been shown to limit body growth in rats (8). 

During fasting, the normal serum glycine level 
of 2.0 to 3.0 mg. per cent is chiefly maintained by 
diffusion of “readily available” glycine stored in 
extra-hepatic tissues, since the liver is continu- 
ously de-aminating amino acids in circulation. 
Glycine may also be synthesized in the liver, along 
with other non-essential amino acids (9). About 
two-thirds of the glycine conjugated with benzoic 
acid in the liver, in the hippuric acid excretion test 
devised by Quick, comes from endogenous sources 
(10). Serine, sarcosine, and glycolic acid have 
been shown to contribute to the formation of gly- 
cine (11-15). Since a marked reduction in the 
rate of hippurate formation may occur in some 
cases of acute or advanced rheumatoid arthritis 
(16-19), we became interested in learning whether 
this represented merely reduced liver function, or 
decreased supplies of “readily available” glycine in 
peripheral tissues, which prevented the conju- 
gating activity of the liver from acting at full ca- 
pacity. Estimation of the concentration of serum 
glycine during the rapid hepatic formation and 
renal excretion of glycine-benzoic acid conju- 
gates (hippuric acid) was therefore carried out 
to determine the relative availability of free gly- 
cine in cellular reservoirs, and in extracellular 
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TABLE I 
Glycine and alanine content of various proteins 


Glycine Alanine 
gm. per 100 | gm. per 100 
gm. prot. gm. prot. 
A. Intracellular proteins 
Muscle 2-5 4 
2. Liver 8.5 4.7 
3. Human hemoglobin 4.2 9.5 
B. Extracellular proteins 
1. Collagen 22.8-23.1 8.1 
2. Elastin 24-27.6 0-6 
3. Human serum albumin 1.6 
4. Human serum globulin 5 2 
5. Fibrin 5.2-5.4 4 
6. Bence-Jones protein Z 5 
7. Keratin (human hair) 4.5 1.5 
8. Insulin 4.4-4.6 2.7-4.5 
9. Human casein 0 2.1 
10. Human lactalbumin 0 2.7 


Values selected from Block and Bolling, VII, pp. 358- 
361 (6). 

(Omission of decimal fractions indicates approximate 
nature of reported values.) 


depots such as collagen and elastin. Simultane- 
ous estimation of serum alanine was carried out as 
a control, since this amino acid has an entirely 
different frequency distribution in tissue proteins, 
and does not directly participate in the detoxifica- 
tion of benzoic acid (Table I). Alanine synthesis 
is very readily performed in man since glutamic 
and pyruvic acid contribute to its formation. 


METHODS 


Most of the patients selected for study were ambula- 
tory, gainfully employed and in nutritional balance. In 
most cases, several years had elapsed since any previous 
hospitalization. Serum was obtained from fasting pa- 
tients for bilirubin determination (20), bromsulphalein 
retention 45 minutes after injection of 5 mg./Kg. (21), 
alkaline phosphatase (22), cholesterol ester partition (23, 
24), total serum protein and A/G (25), thymol turbidity 
(26), cephalin flocculation (27), and for amino acid de- 
termination. In addition to routine urinalysis, fractional 
phenolsulfonephthalein excretion was carried out on most 
patients, as a check on renal function. 

The modified hippuric acid test of Quick was carried 
out as follows: After a 12-hour fast, and after the pa- 
tient had emptied his bladder, an initial venous blood 
sample was obtained, and 1.77 gm. of sodium benzoate was 
injected intravenously within a 5-minute period. All 
urine was collected as separate specimens for the first 
and second hours after injection, and a second blood 
sample was obtained at one hour and sometimes at longer 
intervals. Precautions were taken to ensure an ade- 
quate urine flow, usually by ingestion of 200 to 400 cc. of 
wacer pnor to injection, or a cup of black coffee. Serum 


glycine and alanine were determined on aliquots of 
identical serum specimens. The methods of Alexander 
were used for glycine and alanine estimation (28, 29), 
and those of Weichselbaum were used for determination 
of hippuric acid excretion (30). 

The arthritic cases have been classified in Stages I to 
IV according to the classification of Steinbrocker as 
adopted by the New York Rheumatism Association (31). 


RESULTS 


At present, 54 patients with rheumatoid ar- 
thritis in all degrees of activity and stages of dis- 
ease have been studied, as well as 41 control pa- 
tients, the majority of whom had hypertrophic 
osteo-arthritis, post-traumatic arthritis, gout or 
metastatic cancer (Tables II, III). Thirty-six of 
the 41 control patients revealed serum glycine 
levels which either did not change after sodium 
benzoate administration, or declined less than 15 
per cent at the end of one hour after injection 


TABLE II 


Initial response of serum glycine to benzoate administration 
in various clinical conditions 


No. of cases 


with 18 per No. of cases 


with less 
cent or 
Diagnosis greater re- | han 15 er 
duction tion from 
from initial | initial level 


A. Control patients 


Decompensated hepatic cirrhosis 1 

Metastatic adenocarcinoma 2 5 
Traumatic arthritis 1 3 
Hypertrophic osteo-arthritis 1 12 
Gouty arthritis 1 


Psychogenic rheumatism and psychoneu- 
rosis 3 
Miscellaneous non-arthritic problems 
such as spondylolysis, calcified bursa, 
healed spinal fusion, etc. 5 
Bronchial asthma 2 
Postoperative hemorrhoidectomy 1 
Lobar pneumonia, convalescent 1 
Chronic dermatitis 2 
Meniere's syndrome 1 
36 


Total of control patients 5 


B. Rheumatoid arthritis, peripheral joints 


C. Rheumatoid spondylitis 
Stage I 
Stage IT 1 
Stage III-IV 2 


0 
5 
Stage III-IV 2 
3 
3 


Total of rheumatoid patients, including 
both active and inactive phases of 
disease 35 19* 


D. Rheumatic heart disease 
Active rheumatic fever recurrence 
Inactive 
E. Other diseases involving collagen 
Reiter's syndrome, acute 1 
Chronic discoid lupus erythematosus 0 
Spontaneous postoperative wound de- 
hiscence and cortical ovarian fibrosis 
(Chiari-Frommel syndrome) 1 0 


NN 


* Nine of these 19 patients on subsequent tests showed a 
reduction in serum glycine of more than 15 per cent. 
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TABLE III 
Hippurate excretion and serum ie response in arthritic and non-arthritic patients 


| 
| 
| 
| 


No. 
Diagnosis | pts. 


Standard 
error of 
difference 
No Mean per cent | between | value of 
ob “4 ds m change in serum means ot signifi- 
glycine control and cance* 
test series of 
glycine ob- 


servations 


A. Control patients without bone or joint disease 16 


B. Control patients with radiologic evidence of joint | 18 
pathology other than rheumatoid arthritis 
C. Control patients with radiologic evidence of 7 
osseous pathology other than rheumatoid arthritis 
(6 met. carcinomas, 1 Paget's disease) 


Total of controls 


17. | 0.760+0.282; —5.1+6.7 
S.E. 0.071 
19 | 0.789+0.215| —9.347.2 
S.E. 0.049 SE. i 7 

9 |0.715+0.340) —7.5411.7 


0.764+0.272 
S.E. 0.041 


—7.4+8.4 
S.E.. 1.2 


D. Patients with Stage I rheumatoid arthritis (with- | 21 
out radiologic signs of disease except soft tissue 
swelling) 

E. Patients with Stage II rheumatoid arthritis (with | 25 

radiologic evidence of joint pathology but no 

deformity) 


34 | 0.913+40.334| —18.9+14.8 2.8% 4.07 
S.E. 0.058 S.E. 2.5 
46 | 0.852+0.276| —15.4+13.1 2.3% 3.47 


S.E. 0.041 S.E..1.9 


F. Patients with Stage III-IV rheumatoid arthritis 8 
(with joint deformity and/or total disability) 
G. Miscellaneous patients with other diseases of 8 


collagen 


36 | 0.778+0.308| —-15.7+14.9| 2.8% 2.99 
S.E. 0.056 S.E. 2.5 
8 |0.775+0. 238 | —13.4411.9| 4.4% 1.36 


* When f equals or exceeds 3.0, differences in mean values attributable to chance alone would occur less than once in 370 


sets of observations. 


(Figure 1). A decline of serum glycine exceeding 
15 per cent of the initial fasting level was present 
in five of the control patients, nearly all of whom 
had clinical disease of one type or another. Two 
patients had proven metastatic carcinoma; one 
was in remission following radiation and testos- 
terone therapy. <A third patient also developed a 
positive test with the progression of hepatic 
metastases of mammary adenocarcinoma. One 
patient suffered from decompensated portal cir- 
rhosis with ascites, and another had _ post-trau- 
matic arthritis of the acetabulum secondary to 
malposition resulting from an old femoral neck 
fracture. One patient had roentgenologic evidence 
of hypertrophic osteoarthritis of the spine, with a 
persistently normal sedimentation rate. Patients 
recovering from extensive infections or surgical 
procedures were among the few control patients 
whose reduction in serum glycine following ben- 
zoate administration approached but did not ex- 
ceed 15 per cent. 

Thirty-five of the unselected 54 patients with 
rheumatoid involvement showed, on initial exami- 
nation, a decline of serum glycine greater than 15 


per cent of the fasting value at one hour, similar 
to that seen in Figure 1. Twenty-eight of 29 of 
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these patients examined on more than one occasion 
showed at some time a “positive” glycine re- 
sponse falling more than 15 per cent to levels, in 
some cases, less than 50 per cent of the initial val- 
ues. When the total series of observations is 
classified according to the presence or absence of 
bone or joint involvement in both control patients 
and in rheumatoid arthritis cases, it is apparent 
that serum glycine lability is slightly increased in 
the presence of non-rheumatoid bone or joint 
pathology (Table III). The changes, however, 
are far greater in the rheumatoid patients who, in 
every stage of the disease, show highly significant 
increases in serum glycine response. This table 
also illustrates the normal hippuric acid excre- 
tion throughout all groups of patients observed ; 
indeed, the Stage I rheumatoid cases show a barely 
significant increase in mean hippuric acid excre- 
tion compared with that of the entire control se- 
ries. The ¢ value for this increase was 2.36, cor- 
responding to less than 1 chance in 50 of random 
occurrence. Statistical evaluation of the differ- 
ences in glycine response indicates that they 
would occur by chance in less than 1 out of 100,- 
000 trials. No significant differences in alanine 
levels were noted in either of these two groups of 
patients (32). 

No significant abnormalities of liver function 
were detectable by laboratory examination in most 
patients in either the rheumatoid or control series. 
Infrequently, reduction in hippurate excretion, 
abnormal thymol turbidity, cephalin flocculation 
or inversion of the A/G ratio was noted in patients 
with Stage IV arthritis. Renal insufficiency was 
not present in any of the cases in the series. 

Among the rheumatoid arthritis group, serial 
determinations of serum glycine response to so- 
dium benzoate administration and of sedimenta- 
tion rates were frequently carried out. Fifteen 
patients were observed two or more times with an 
interval of two or more months intervening be- 
tween blood samplings. In 11 patients, the sedi- 
mentation rate varied more than 10 mm. per hour, 
and its changes correlated directly with the varia- 
tion in glycine response to benzoate administra- 
tion. An increase or decrease in the former was 
accompanied by a greater or lesser fall, respec- 
tively, in the level of serum glycine. In 3 pa- 
tients, there was no detectable correlation, per- 
haps because there was less than 10 mm. change 
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The last 


in sedimentation rates in the interval. 
patient, Stage IV arthritic, showed wide fluctua- 
tions of serum glycine response independent of 
his sedimentation rate. 


DISCUSSION 


These observations reveal that patients with ac- 
tive rheumatoid arthritis cannot maintain a con- 
stant serum glycine level under the load imposed 
by intravenous administration of 1.77 gm. sodium 
benzoate. The data failed to show any correspond- 
ing disturbance in hippuric acid excretion, serum 
alanine concentration, or in hepatic or renal func- 
tion. This manifestation of altered glycine metab- 
olism has been noted in many Stage I rheumatoid 
arthritics previous to the development of deformity 
or roentgenographic abnormalities of bones and 
joints. It has been noted almost exclusively in 
patients in whom there were good clinical grounds 
for suspecting pathologic changes affecting col- 
lagen, including patients with active rheumatic 
fever and disseminated lupus erythematosus (19). 
Patients with inactive rheumatoid arthritis, inac- 
tive rheumatic fever, and discoid lupus erythemato- 
sus usually are able to maintain a serum glycine 
level within 15 per cent of the fasting level, simi- 
lar to patients without organic disease, and those 
with hypertrophic osteo-arthritis only. 

The decline of serum glycine from fasting levels 
noted in these patients might be explained by de- 
creased reservoirs of pre-formed glycine in liver 
or peripheral tissues, by decreased synthesis of 
glycine, or by diversion of glycine from extra- 
cellular to intracellular pathways of utilization 
(Figure 2). Alteration in the function of enzyme 
systems controlling the distribution of bound gly- 
cine either in polypeptides or in some other form 
might contribute to the latter possibility. No dif- 
ferences have been noted in the mean daily gly- 
cine intake of rheumatoid and non-rheumatoid 
patients. 

Glycine tolerance tests have failed thus far to 
establish an increased rate of glycine utilization in 
rheumatoid arthritis. Abnormally flat tolerance 
curves have been reported by DeVries and Alex- 
ander in one case (33), and by Stillman and as- 
sociates in preliminary observations (34). In 
neither instance were the changes in these toler- 
ance tests shown to be specific for glycine, and ab- 
sent for other amino acids. Several groups of ob- 
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servers have found no alteration in the fasting 


levels of glycine in rheumatoid arthritis patients 


compared to normals (32-34). 

Hippurate synthesis is carried on at a normal 
rate in the Stage II to III arthritics, in spite of 
the decline of serum glycine. This suggests ‘hat 
the hepatic supply of glycine for detoxification is 
much the same in rheumatoid as non-rheumatoid 
subjects, since variations in glycine supply have a 
marked effect on the rate of hippurate synthesis 
(35, 36). Therefore, glycine deficiency in these 
patients, if present, is more likely to have taken 
place in extrahepatic amino acid depots, -1ch as 
muscle, bone marrow, or epithelial tissues, if these 
findings are to be explained. 

Many of the alternative processes utilizing gly- 
cine in rheumatoid arthritis appear to be depressed 
rather than increased (Figure 2). The presence 
of weight loss, anemia, hypo-albuminemia, mus- 
cular weakness and atrophy, cutaneous dystrophy 
(accompanying psoriatic skin manifestations), and 
cutaneous atrophy in advanced rheumatoid ar- 
thritis speak for reduced purine, hemoglobin, cre- 
atine, and keratin synthesis compared to normal. 
Only the synthesis of collagen appears to be in- 
creased in some of these cases, as a part of the 
reparative processes (37). 


Fic. 2 


Both clinical and laboratory evidence therefore 
favor an extrahepatic source for the abnormali- 
ties noted in glycine metabolism in patients with 
rheumatoid arthritis and allied conditions. Fur- 
ther investigation is necessary to determine 
whether there are alterations in enzyme mecha- 
nisms releasing it to the blood stream, or using 
it for protein synthesis. 

These observations of altered amino acid metab- 
olism in rheumatoid arthritis have important etio- 
logic and therapeutic implications that cannot be 
overlooked. Because of the uniquely small size 
of glycine residues, relative to those derived from 
other amino acids, the high concentrations of gly- 
cine in collagen and elastin have often been thought 
significant in influencing the characteristic con- 
figurations and modes of packing of the polypep- 
tide chains in these fibrous proteins (38, 39). 
Failure of the supply of glycine to the periarticu- 
lar fibroblasts would lead to impairment in pro- 
duction of normal collagen, or to the formation of 
abnormal collagen of poor quality. No analysis 
of the glycine content of diseased collagen has yet 
been made. 

Excess free glycine administered parenterally or 
orally increases the rate of hippurate formation by 
the normal or diseased liver (4, 33, 35, 36). Pa- 
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tients with severe manifest anxiety-reactions or 
normal individuals under severe stress excrete 
unusually large amounts of hippurate (40, 41). 
Many of our rheumatoid patients showed chronic 
anxiety, and the early cases in Stage I excreted 
more hippurate than did controls or those with 
more advanced “isease (Table III). Severe emo- 
tional trauma superimposed upon chronic anxiety 
and insecurity is among the predisposing mental 
conditions favoring the onset of rheumatoid ar- 
thritis (42). 

Re-evaluation of nutritional factors would ap- 
pear to be important in the prevention and treat- 
ment of the rheumatoid group of diseases, not 
only because of these findings, but because of the 
limited daily intake of and synthetic capacity for 
glycine compared to its manifold pathways for 
utilization in essential processes (Figure 2). Al- 
though therapy with cortisone and ACTH de- 
lays the uptake of amino acids by rat cells (43), 
we have failed to note in our pati-1s treated 
with these compounds any immediate improve- 
ment in abnormal serum glycine responses Spon- 
taneous disease remissions, however, are often as- 
sociated with return to a normal response curve. 


SUMMARY 


The administration of sodium benzoate to pa- 
tients with active rheumatoid arthritis results in 
a decline of more than 15 per cent in the fasting 
level of serum glycine in the majority of cases, 
which persists for at least one hour. Similar 
changes have been observed in patients with ac- 
tive rheumatic fever and disseminated lupus 
erythematosus. Serum glycine remains constant 
in healthy persons or patients with hypertrophic 
osteo-arthritis. Because of the uniquely high 
concentration of glycine in collagen and elastin 
(22.8 to 27.6 per cent) and the fact that abnormal 
response of serum glycine to benzoate adminis- 
tration has been noted chiefly in diseases charac- 
terized by pathology of collagen, this test may be 
indicative of a metabolic abnormality affecting 
connective tissues. Evaluation of the response of 
serum glycine to benzoate administration may as- 
sist in the objective evaluation of patients with ar- 
thritic symptoms and in the earlier recognition of 
rheumatoid arthritis. 
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The physico-chemical form in which the secre- 
tion of the thyroid gland exists in blood is not well 
understood. It is generally believed to be associ- 
ated in some manner with the plasma proteins 
since the iodine content of precipitated washed 
plasma protein (1) and the rate of turnover of 
I'* in this protein appears to vary with the state 
of thyroid activity (2). The observation of Tre- 
vorrow (3) that this “protein bound” or “hor- 
monal iodine” is readily extractible with butanol 
from unhydrolysed serum indicates that it is not 
bound by a peptide linkage. 

The introduction of the technique of paper 
electrophoresis combined with the use of I*** as 
a tracer isotope has afforded a new and valuable 
instrument for a study of the problem (4, 5). 
With this technique it has been demonstrated 
that after 24 to 48 hours there is a characteristic 
localization of administered I'** in the alpha globu- 
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Laboratory of the Atomic Energy Commission, Oak 
Ridge, Tenn. 
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lin moiety although the exact location is still some- 
what in doubt (4-6). It is the purpose of this 
paper to study further this localization and to com- 
pare euthyroid and hyperthyroid subjects par- 
ticularly with regard to the turnover of iodine in 
these two groups over a period of several days. 


CLINICAL MATERIAL 


The six patients selected for this study were seen in 
the Department of Medicine of the University of Wis- 
consin. Thyroid function was measured by determination 
of serum protein bound iodine by the method of Barker 
(7), and by the 24-hour uptake of I,’ as reported pre- 
viously (8). Pertinent clinical data are summarized in 
Table I. Three patients were hyperthyroid as judged by 
their classical symptoms, physical findings, elevated PBI, 
and I™ uptake. Three patients were euthyroid as judged 
by similar criteria, but were given radioactive iodine 
therapy for incapacitating cardiac disease. In each in- 
stance therapeutic quantities of carrier-free I ranging 
from 5 to 23 mc. were administered orally. These doses 
were calculated to deliver the same amount of radiation 
(75 to 100 uc/gm.) to the gland in all subjects. This esti- 
mation was based upon previous uptake studies of “tracer” 
quantities of I (100 uc.) and upon the size of the gland. 

Upon completion of the diagnostic studies and adminis- 
tration of the radioactive iodine, blood samples were 
drawn at daily intervals, placed in dry centrifuge tubes, 
and the serum separated for paper electrophoresis. 
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TABLE 


Summary of clinical data 


range p BI 4 to 8 ugm.‘ 
+ I'! uptake expressed as per cent ‘of the dose present in the thyroid at 24 hours. 


Protein jist [ist 
Patient Age Sex Diagnosis Physical findings bound | Uptaket | Adminis- 
iodine* | at 24 hrs.) tered 


i. Sy 19 F Hyperthyroidism | | Diffuse goiter. Estimated wt. | 
| 75 gm. | 
2. (M. V.) 47 F Hyperthyroidism Ditfuse thyroid, barely palpable.| 11.3 51% 5 
| Estimated wt. 30 gm. 
3. (J. W.) 45 M | Hyperthyroidism Diffuse goiter. Estimated wt. | 10. | 7 
60 gm. 
57 M Euthyroid Thy not palpably enlarged. | 5.0 15% | 16 
Hypertensive, arteriosclerotic Estimated wt. 25 gm. | 
| | heart disease | | 
| Old myocardial infarct | 
Angina decubitus 
| 50 F | Euthyroid Diffuse thyroid, barely palpable. | 7.3 | 9 
| Hypertensive heart disease Estimated wt. 30 gm. | 
| Paroxysmal auricular fibril- 
lation | | 
6. (V.1 34 F | Euthyroid Thyroid not palpably enlarged. | 4.8 15% | 23 
| Luetic heart disease Estimated wt. 25 gm. | | 
| Aortic insufficiency | | | 
| Cardiac enlargement | 
Massive anasarca 


(Euthyroid range, 10-4067; hyper- 
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METHODS 


1. Filter paper electrophoresis. The method of Kunkel 
and Tiselius (9) was employed with a few modifications. 
A strip (3.5 x 45 cm.) of Schleicher and Schuell No. 598 
filter paper was soaked in 0.05 M veronal buffer, pH 8.6, 
and clamped between two glass plates (3.8 X 35 cm.) after 
rolling the paper heavily with a photographic roller in 
order to remove excess buffer and air spaces. The glass 
plates were first covered with a thin coat of silicone 
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grease and the sides of the plates were sealed together 
with the grease after the filter paper was clamped in place. 
The plates were then placed across a pair of leucite buffer 
vessels, each containing 1 liter of the veronal buffer with 
the free ends of the paper dipping into the buffer 
(Figure 1). A period of one hour was allowed for 
equilibration of the buffer on the paper. The equilibra- 
tion and actual electrophoresis were done in a cold room 
wee” 
vessels filled with buffer, the latter being connected to the 
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main buffer vessels through a slot filled with glass wool 
to prevent pH changes during the operation. Fifty lambda 
of serum were introduced to the paper strips through a 
small hole in the upper glass plate 9 cm. from the cathodal 
end and allowed to drain evenly into the paper. After 30 
minutes a potential of 300 volts D.C. was placed across 
the electrodes. With this system approximately 1 mil- 
liampere will pass through each paper strip. Twenty 
hours were allowed for resolution at this current and the 
strips were then removed. 

2. Counting technique. At the completion of the elec- 
trophoresis the strip was dried in an oven at 80° C. The 
dried strip was then divided transversely into fifteen 2 cm. 
segments, using for purposes of consistent orientation the 
starting point of the electrophoresis. The first segment 
was cut exactly 5 cm. toward the cathodal end from this 
point, thus placing the starting point of electrophoresis in 
the center of segment three. The radioactivity of each 
segment was determined with a mica window bell-type 
Geiger counter using a slotted leucite sample holder which 
assured reproducible positioning. A minimum of 500 
counts per segment was recorded. 

3. Quantitative estimation of protein. After the seg- 
ments were counted they were subdivided into 0.5 cm. 
sections and the protein bands identified and quantitated 
by the bromphenol blue elution method (9). 


RESULTS 


Figure 2 represents the radioelectrophoreto- 
grams of representative euthyroid and hyperthy- 
roid patients. The radioactivity is located in two 
major zones, which are identical in both subjects. 
One zone is centezed in the slowest moving portion 
of the albumin (segment 12), but distinctly ahead 
of the alpha-1 fraction. The other is just ahead 
of the alpha-2 fraction in an area of,relatively low 
protein concentration (segments 9 and 10). This 
distribution of radioactivity was observed in all 
the patients studied. 

Although the radioactivity is confined to the 
same two zones in both the euthyroid and hyper- 
thyroid subjects there is a distinct difference in 
the absolute and relative concentration at these two 
sites in these two groups. This is particularly 
striking when serial radioelectrophoretograms 
done at daily intervals are compared (Figure 3). 
In these two series the radioactivity measurements 
were normalized (standardized to correct for dif- 
ferences in the quantity of I*** administered) and 
corrected for decay. The total radioactivity is 
much greater in the hyperthyroid than in the 
euthyroid subject throughout the series. Initially, 
most of the radioactivity is associated with the al- 
bumin fraction in both the euthyroid and hyper- 


CIRCULATING THYROID HORMONE 


200 


160 


120 


80 


COUNTS / MINUTE 


40 


123456789060 ii 13 1415 
Days 


Fic. 4. RELATIONSHIP OF RADIOACTIVITY IN ALPHA 
GLoBULIN (SEGMENTS 9 AND 10) To THE TIME INTERVAL 
AFTER ADMINISTRATION OF I InN THREE HyPERTHYROID 
Dots) THREE Eutuyrom (Open Dots) 
SUBJECTS 


The radioactivity was normalized for dose of I and 
corrected for isotopic decay. 


thyroid subjects. However, the radioactivity at 
this site in the hyperthyroid subject declines 
rapidly. In the euthyroid subject, on the other 
hand, although the initial albumin-bound radio- 


| activity was small, it increases progressively. With 


the rapid decline of radioactivity bound to albu- 
min in the hyperthyroid subject, there is a rapid 
reciprocal rise in radioactivity at the alpha globu- 
lin zone (segments 9 and 10). The activity at this 
alpha globulin zone in the euthyroid subject is ini- 
tially low and increases gradually. Figure 4 com- 
pares the turnover of I'** at the alpha globulin 
zone in three euthyroid and three hyperthyroid 
subjects. 
DISCUSSION 


During the first few hours after the administra- 
tion of I**", most of the radioactivity rapidly passes 
off the paper strip toward the anode (4, 5). It is 
assumed that this fraction is free iodide ion since 
this is the behavior which would be expected of 
a small negatively charged ion. Serial radioelec- 
trophoretograms demonstrate that the radioac- 
tivity remaining on the strip, and hence presum- 
ably “protein-bound,” increases progressively so 
that at the end of the three days all but a small 
fraction remains on the strip (5). 

The concentration of I?** in the albumin fraction 
soon after its administration is believed to repre- 
sent partial binding of the iodide by this protein, 
whose ion-binding capacity is well known. This 
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assumption is supported by in vitro studies in 
which Na I**? was added to serum. A radioelec- 
trophoretogram showed significant localization of 
radioactivity in the albumin fraction even though 
the greater part moved faster than albumin and 
was assumed to be the unbound radioactive “I” 
ion. This observation has been reported pre- 
viously by Gordon and his associates (4). The 
observation that the albumin of hyperthyroid sub- 
jects bound and released I*** at more rapid rates 
than the albumin of euthyroid subjects may reflect 
a more rapid turnover of total body iodine in hy- 
perthyroid subjects. 

In both euthyroid and hyperthyroid subjects 
the major portion of the albumin bound iodine is 
associated with the slowest moving portion of al- 
bumin suggesting a difference in iodine binding 
capacity within the albumin fraction. This dif- 
ferential iodine binding within the albumin frac- 
tion is consistent with Salter’s observation (10) 
that the greater part of the PBI was in Cohn’s frac- 
tion VI which contains the smaller albumin mole- 
cules. 

The rapid shift of I'** to the protein fraction 
having electrophoretic mobility slightly faster than 
alpha-2 globulin (sections 9 and 10) in the hyper- 
thyroid patients and the slower but significant ** 
concentration in the same area in euthyroid sub- 
jects, suggests that the circulating thyroid hor- 
mone is, or is associated with, this alpha globulin 
fraction. The unequivocal localization of iodine 
to this fraction by paper electrophoresis is in con- 
trast to earlier reports (11) indicating that hor- 
monal iodine was associated with albumin. Most 
of this investigation was done using ammonium 
sulphate protein fractionation. It is now known 
that much of the alpha globulin is precipitated 
with albumin by this method. Analysis of Cohn’s 
globulin fractions, however, has indicated a high 
iodine-to-protein ratio in fraction IV-2 which 
contains largely alpha globulins (10). 

Present evidence indicates that the biologically 
active iodine fraction in blood is a thyroxine-like 
substance (3, 12) complexed with a plasma pro- 
tein. Jn vitro experiments (4) demonstrate that 
radio-thyroxine added to plasma becomes bound 
to an alpha globulin, supporting the view that the 
circulating thyroid hormone may be a thyroxine- 
alpha globulin complex. 


WILLIAM P. DEISS, EDWIN C. ALBRIGHT, AND FRANK C. LARSON 


It is generally believed that patients with hyper- 
thyroidism have a quantitative rather than a quali- 
tative difference in the circulating iodine com- 
pounds (13, 14). Chromatographic analysis of 
iodine-containing compounds in protein fractions 
separated by paper electrophoresis should give 
valuable additional information. 

The possibility that accumulation of radioiodine 
in the alpha-2 area is due to artefact attendant upon 
radiation damage to the thyroid gland has been 
considered. The demonstration by Robbins and 
his associates (15) that a rise in serum PBI and 
an increase in the ratio PBI/butanol-extractible 
iodine after administration of large doses of I'*', 
might seem to support this possibility. We be- 
lieve this unlikely for the following reasons: 1) 
All subjects both euthyroid and hyperthyroid re- 
ceived the same concentration of I'**/gm. tissue ; 
2) Robbins and his associates report no change in 
the PBI/butanol extractible iodine ratio in their 
subjects who received doses of I'** comparable to 
those given in the present report; 3) When radio- 
thyroxine is added to serum in vitro it appears in 
the alpha globulin area (4). 


SUMMARY AND CONCLUSIONS 


1. The sera of three euthyroid and three hyper- 
thyroid subjects have been studied using I'* as 
a tracer isotope and paper electrophoresis for 
separating the major piasma protein components. 

2. After twenty-four hours the radioactivity lo- 
calized in two major zones, one in the slowest mov- 
ing albumin and the other in a zone of low protein 
concentration just ahead of alpha-2 globulin. This 
localization was seen in both euthyroid and hyper- 
thyroid subjects. 

3. Soon after administration of I**' most of the 
radioactivity was associated with the albumin 
fraction but in the hyperthyroid individual there 
was a rapid shift to the alpha region. A similar 
though considerably slower shift occurred in the 
euthyroid subjects. 

4. Present evidence indicates that the hormonal 
iodine is carried by the alpha globulin fraction. 
The tracer iodine concentrated faster, attained 
higher levels, and declined more rapidly at this 
site in the hyperthyroid than in the euthyroid 
subjects. 
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The close relationship of muscle composition to 
the electrolyte pattern of extracellular fluid was 
described by Darrow (1) and confirmed by others 
(2). The direct correlation of serum bicarbonate 
concentration with the intracellular sodium con- 
tent of muscle in metabolic acidosis and alkalosis 
was demonstrated by these workers. Until the 
present time it has not been determined whether 
this relation of serum bicarbonate to muscle so- 
dium applies in respiratory disturbances of acid- 
base balance. In these states serum pH varies 
inversely with serum bicarbonate concentration 
or serum pCO,, in contrast to metabolic disturb- 
ances in which serum pH varies directly with se- 
rum bicarbonate concentration and serum pCO,. 
Thus, by the study of tissue composition in re- 
spiratory disturbances, it can be established 
whether muscle composition is related under all 
circumstances to serum pH, serum bicarbonate 
concentration or serum pCOQ,. 

This paper presents analyses of serum and 
muscle of rats in whom respiratory acidosis was in- 
duced by inhalation of gas mixtures containing 
10 to 15 per cent carbon dioxide for periods of 
fourteen to twenty-one days. 


PLAN OF EXPERIMENTS AND METHODS OF 
ANALYSIS 


Sixteen male albino rats weighing 300 to 400 gm. were 
kept in an air-tight lucite chamber into which was run 
a mixture of compressed air and carbon dioxide. Group 
A, eight animals, was exposed to an atmosphere con- 
taining 11 per cent CO, for two weeks. Group B, eight 
animals, was exposed to 13 per cent CO, for three weeks. 
Analysis of the air in the chamber was performed at 


1 Aided by research grants from the United States 
Public Health Service and the James Hudson Brown 
Memorial Fund of the Yale University School of 
Medicine. 

2 John and Mary R. Markle Scholar in Medical Science. 

8 This study represents a portion of the thesis submitted 
for the degree of Doctor of Medicine, Yale University 
School of Medicine. 
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frequent intervals throughout the experiments by means 
of the Roughton Scholander apparatus (3). The oxygen 
concentration in the chamber did not fall below 17 per 
cent. 

The temperature w:thin the chamber was maintained at 
23° C. and the relative humidity at 80 per cent. The 
chamber was opened for twenty minutes every three days 
for the purpose of cleaning the cages and replenishing 
food ¢ and distilled water. 

All animals were anesthetized with ether within one 
to three minutes after removal from the chamber, and 
blood was obtained anaerobically from the dorsal aorta 
immediately thereafter. 

The methods used in the analysis of serum and muscle 
are the same as described earlier by this laboratory (4) 
except that sodium and potassium were determined by a 
Barclay internal standard flame photometer. Serum pH 
was determined on the Beckman pH meter using a tem- 
perature correction of 0.0118 pH units for each degree 
of temperature below 38° C. The pH of the sera so ob- 
tained was not considered representative of the pH of the 
animals while in the chamber, since the high alveolar 
carbon dioxide tension would be rapidly dissipated dur- 
ing anesthesia. The values for pH, bicarbonate and car- 
bonic acid concentrations of serum while in the chamber 
cannot be determined exactly and were calculated as in- 
dicated below. 

The average percentage of deviation from the mean of 
duplicate determinations was as follows: 


Cl+ 1.0% P+11% Na+11% K+12% 


Calculations 
Group A— 
ppCO, chamber = 0.11 X (760 — 47) = 78, 
pCO, blood® = 85 mm. Hg approximately. 
Group B— 
ppCO: chamber = 0.13 X (760 — 47) = 93, 
pCO, blood® = 100mm. Hg approximately. 


4Purina Fox Chow :—Na—34 mM./100 gm.; K—13 
mM./100 gm. ; CI—17 mM./100gm. ; N—2.95 gm./100 gm. ; 
P—36 mM./100 gm. 

5 The percentage of carbon dioxide in the alveolar air 
must be greater than that in the chamber. Normally, 
CO, tension in the lungs is about 40 mm. Hg greater than 
in the air. However, Brown, Hemingway, and Visscher 
(6) demonstrated a progressive decrease in this gradient 
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TABLE I 
Body composition in disturbances of acid-base balance 


RESPIRATORY ACIDOSIS 


Muscle per 100 gm. FFS 
Group 
Na K cl HCO; H pCO: HO cl Na K P Nai 
mM./L.|mM./L.|mM./L.|mM./L.| ? mm. Hg gm. mM. mM. mM. mM. mM. 
Normal 1,2,4,8 | 141-146) 4.1-5.4 | 99-102 | 21-25 | 7.35 45 334-346 | 5.1-7.2 9.4-10.6 | 46.1-48.9) 32.0-34.0 3.1 
Respiratory 
acidosis 
A —_ 136-147] 4.3-5.3 | 90-96 31-37 | 7.25t 85 312-335 | 4.7-5.8 8.4-9.7 47-49 32-34 3.3-3.8 
(141)*| (5.1) (93) (32) (326+7) | (5.0+0.4)| (9.0+0.4)} (4841) | (3341) | (3.5+0.2) 
B — 142-144) 4.5-5.0 | 82-87 37-46 | 7.24T 100 320-359 4.8-5.7 7.3-9.8 47-50 32-35 1,1-3.3 
(143) (4.8) (85) (40) (333 +12)} (5.3 +0.4)} (8.8+0.9)} (48+1) | (33+1) | (2.2+0.8) 
Metabolic 8 1 4 8 3s 7.44 53 314 3.9 11.9 37.8 30.4 a 
alkalosis 
Metabolic 8 142 6.7 94 20 7.28 44 337 4.5 6.1 49.8 33.2 1.6 
acidosis 
Respiratory al- 9 143 5.6 124 t Tt 3 342 9.1 12.0 45.0 32.5 3.5 
kalosis (alti- 
tude) 
135 5.2 80 46 366 13.0 20.0 42.4 1.8 
Normal human 7 360-400 12-15 16-22 41-44 _ 2-6 
muscle 


* Mean 


PHeer ® of animals while in the chamber was calcu- 
lated from the Henderson-Hasselbach equation 
using pCO, above and carbon dioxide content ob- 
tained by analysis plus 5 mM. per liter for the 
change in cation-binding capacity of blood proteins 
with change in pH as described by Singer and 
Hastings (5). The rapid loss of dissolved CO, 
which occurred during exsanguination produced 
marked change in the serum pH, but would have 
relatively less effect on the serum carbon dioxide 
content. 


CH2COs Jeer in mM./L. = pCO, x .0301, 


[HCOs in mM./L. 
= CO, content — [H2COs ]eer. 


Electrolyte concentration of extracellular fluid 
as mM./Kg. of water was calculated by the 
method described by Yannet and Darrow (4). 


CCI ocr 
LH20 Jeor 0.95 


[Na leer X 0.95 
[H20 ]ee- 


[K]. LK Jecr- 


as the environmental CO, pressure increased. The as- 
sumption that the alveolar pressure of CO, in this experi- 
ment is 7 mm. Hg higher than that of the atmosphere 
would seem to be a reasonable one. 

6 Subscripts “ser,” “e,” and “i” refer to serum, extra- 
cellular, and intracellular phases, respectively. 
( ) refers to total amount in mM. or gm. 
[ ] refers to concentration. 


= [Na], 


t Calculated from carbon dioxide content and probable pCO; of alveolar air while in chamber. 


Muscle per 100 gram fat-free solids (FFS) 
(Cl — 1) 

[Cl]. ’ 
(Na). in mM. = X [Na]. 
(Na); in mM. = (Na) — (Na)e. 


(HO), in grams 


RESULTS 


All animals tolerated the experiment well with 
little overall change in weight in either group. 
Hyperpnea was evident early in the experiment, 
but activity was not obviously diminished. Analy- 
sis of serum in both groups revealed a marked 
rise in serum carbon dioxide content and fall in 
serum chloride concentration from the normal 
(Table 1)—changes characteristic of chronic re- 
spiratory acidosis. The mean total serum carbon 
dioxide content in Group A was 35 + 2 mM./L. 
and in Group B, which was exposed to 12 to 15 per 
cent CO, for three weeks, it was 43 + 3 mM./L. 
Since the carbon dioxide concentration in the 
alveolar air must have been higher than the con- 
centration in the chamber, the pCO, of arterial 
blood was at least 85 mm. Hg in Group A and 100 
mm. Hg in Group B. These values correspond 
to carbonic acid concentrations of 2.6 mM./L. and 
3.0 mM./L. respectively. Thus the mean serum 
bicarbonate concentration by calculation was 32 + 
2 mM./L. in Group A and 40+3 mM./L. in 
Group B. 
The mean serum pH of animals in Group A 
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while in the chamber was calculated to be 7.25, 
whereas Group B averaged 7.24. 

The serum chloride concentration was low in 
each group, 93 + 2 mM./L. and 85 + 2 mM./L. 
in Groups A and B, respectively. 

The serum sodium and potassium concentra- 


_ tions were not significantly altered in either group, 


although the mean potassium concentration was at 
the upper limit of normal. 

The analysis of skeletal muscle from these ani- 
mals revealed relatively little change from normal 
composition (Table 1). The changes in Group B 
were somewhat greater than in Group A. The 
sodium content was 8.8 + 0.9 mM./100 gm. FFS 
in Group B. This value was slightly lower than 
the normal range (9.4-10.6 mM./100 gm. FFS) 
obtained by Darrow (1). The muscle potassium 
(48 + 1 mM./100 gm. FFS) was at the upper 
limit of the normal range (46.1 — 48.9 mM./100 
gm. FFS). The chloride and phosphorous con- 
tent of muscle was within normal limits (5.3 + 
0.4 mM./100 gm. FFS and 33 + 1 mM./100 gm. 
FFS, respectively ). 

The derived values for intracellular sodium 
(Na); of muscle were somewhat lower than nor- 
mal. The mean (Na), for Group B was 2.2 + 
0.8 mM./100 gm. FFS in contrast to the normal 
value of 3.1 mM./100 gm. FFS given by Darrow 
(1). 

The water content of muscle was not signifi- 
cantly altered but the extracellular phase may have 
been decreased in Group A. 

Analysis of human muscle (H. R.—Table I) ob- 
tained at postmortem examination from a patient 
with chronic respiratory acidosis on a basis of 
cystic fibrosis of the lungs and pancreas revealed 
findings similar to those described above in rats. 
Table I also shows the composition of normal hu- 
man muscle (7). Human muscle potassium is 
lower than that of rats, probably 40 to 44 mM. per 
100 gim. of fat-free solids. The analyses are shown 
to demonstrate that marked changes in intracel- 
lular Na and K did not occur in one patient dying 
with extremely high total CO, due to compen- 
sated respiratory acidosis. 


DISCUSSION 


The results of this study indicate that muscle 
composition is not especially altered in chronic re- 
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pH 

7.50 

740 
! Normal 

730 2 Met.acid. 
3 Met.alk. 
4 Low K-alk. 
5 Resp. acid. 

72 

Fic. 1. RELATION OF INTRACELLULAR SODIUM OF 


Muscie 1n MM./100 Gm. FFS to pH oF ExTRACELLULAR 
FLuip 
References and values from Table I. 


spiratory acidosis, despite the presence of low 
serum chloride concentration and high serum bi- 
carbonate concentration in this condition. The 
changes in muscle composition which do occur are 
in the same direction as those noted in metabolic 
acidosis (Table I) rather than metabolic alkalosis. 

If the values for serum bicarbonate and intra- 
cellular sodium in respiratory acidosis are plotted 
on the graph formulated by Darrow and his associ- 
ates (1) for animals with metabolic acidosis, meta- 
bolic alkalosis, and potassium deficiency alkalosis, 
there is wide variance from the regression line 
previously calculated. 

Similarly, if (Na); of muscle is plotted against 
the pCO, of serum as calculated from the data of 
Cotlove and his associates (8) and the present 
data, no correlation is noted. 

However, in Figure 1, serum pH in all these 
disturbances, respiratory and metabolic, is plotted 
against (Na);. It is obvious that there is a direct 
relation between intracellular sodium and extra- 
cellular pH in all these states. Likewise muscle 
potassium varies inversely with serum pH. 

These findings are consistent with the data of 
Darrow and Sarason (9) who demonstrated 
slightly high intracellular muscle sodium and some- 
what low muscle potassium in rats exposed to low 
atmospheric pressures. These animals undoubt- 
edly had some degree of respiratory alkalosis sec- 
ondary to overbreathing (10), since serum so- 
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(Table I). Unfortunately serum carbon dioxide 
content and serum pH were not obtained. 

Thus, it is likely that the loss or gain of potas- 
sium or sodium by the cells is dependent not upon 
extracellular bicarbonate or chloride concentration 
or carbon dioxide tension, but rather upon the pH 
of the extracellular fluid. In general the following 
predictions may be made: 


1. That in chronic states, in which extracellular 
pH is elevated, muscle potassium is lowered and 
intracellular sodium elevated. 

2. That in chronic states, in which extracellular 
pH is lowered, muscle potassium is normal or ele- 
vated and intracellular sodium reduced. 

3. That the changes in muscle composition are 
considerably less in respiratory disturbances of 
acid-base balance than in metabolic disturbances. 


According to the hypothesis of Wallace and 
Hastings (11) intracellular pH is dependent upon 
PCO, of body fluids since intracellular bicarbonate 
concentration is constant. According to this con- 
cept intracellular acidosis is present in metabolic 
alkalosis with respiratory compensation, as well 
as in respiratory acidosis, since pCO, is elevated 
in both conditions. However, the composition of 
muscle was strikingly different in the two types 
of disturbances. This fact suggests the following 
alternatives : 


1. That electrolyte composition of muscle is not 
related to intracellular pH if the hypothesis of 
Wallace and Hastings is valid, or 

2. That electrolyte composition of muscle ts re- 
lated to intracellular pH and the hypothesis of 
Wallace and Hastings that intracellular pH is di- 
rectly related to pCO, of body fluids is not valid. 


Which proposition is correct cannot be deter- 
mined at the present time. The data of Conway 
(12) suggest that a large part of the total acid 
labile CO, in muscle measured by Wallace and 
Hastings may be barium-soluble and hence not 
bicarbonate. Under these circumstances the pH 
within the cell would be 6.0 and small changes in 
intracellular bicarbonate could not be determined 
by the methods now available. 

The finding of relatively normal muscle com- 
position in respiratory disturbances suggests that 
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dium was normal and serum chloride was elevated 
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cell transfer plays a minor role in the correction 
of such conditions and that renal compensation is 
of primary importance. These findings confirm 
the suspicions of Elkinton, Squires, and Singer in 
the case of humans with respiratory acidosis (13). 
Therefore, in the fluid therapy of these states ade- 
quate quantities of water and extracellular elec- 
trolyte (sodium chloride) should be provided so 
that complete renal compensation may be effected. 


SUMMARY 


Male rats were exposed to an atmosphere con- 
taining 10 to 15 per cent carbon dioxide for two 
to three weeks. Analysis of serum at the end of 
that time revealed changes characteristic of chronic 
respiratory acidosis, namely high serum _bicar- 
bonate concentration (41 mM./L.) and low serum 
chloride (85 mM./L.). Analysis of muscle re- 
vealed potassium content at the upper limit of 
normal, 48 mM./100 gm. fat-free solids (FFS) 
and the intracellular sodium was somewhat re- 
duced, 2.2 mM./100 gm. FFS. These findings 
are in striking contrast to those in metabolic al- 
kalosis in which serum bicarbonate concentration 
is also high and serum chloride low. 

It is suggested that muscle composition is re- 
lated to the pH of the extracellular fluid. and not 
to the extracellular bicarbonate concentration or 
carbon dioxide tension. 
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Significant advances have recently been made in 
our understanding of the biochemistry of blood 
coagulation. Most of this work has, of necessity, 
been performed on blood in vitro. In vivo studies 
have been hampered by the difficulty of producing 
clots and thromboses in animals under controlled 
conditions and by the fact that, unlike the hemor- 
rhagic diseases, there are no known clinical states 
in which a specific defect responsible for hyperco- 
agulability of the blood has been demonstrated. 

We had been impressed by the repeated refer- 
ences in the literature to the effect that a station- 
ary column of blood in a vein included between 
two carefully applied ligatures will remain liquid 
for weeks (1, 2). The experiments referred to 
were carried out more than seventy-five years 
ago and review of the original data did not indi- 
cate clearly whethet or not clotting had occurred in 
these segments (3, 4). It occurred to us that a 
study of what did happen to the clotting mechanism 
in isolated endothelial-lined segments might pro- 
vide a bridge between our knowledge of test tube 
coagulation and of the clotting process as it evolves 
in a more physiologic environment. Some of the 
results obtained are herewith presented. 


Clot Formation in the Isolated Segment 


Healthy dogs of both sexes, 9 to 47 Kg. in 
weight, were anesthetized with intraperitoneal 
nembutal, the neck and groin were shaved and 
cleansed with soap and water and an intravenous 
infusion of normal saline was begun. Aseptic pre- 
cautions were not attempted. Both femoral and 
external jugular veins were widely exposed: the 
former from Pouparts ligament to within 2 centi- 
meters of the knee; and the latter from the base 
of the neck to the angle of the jaw. All demons- 
trable tributaries to these veins were carefully 


1 This work was carried out under a contract between 
the office of the Surgeon General, U. S. Army, and the 
President and Fellows of Harvard College. 
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I. COAGULA- 


ligated with No. 3 zero Deknatel silk and then cut 
so that the vessels were entirely freed from sur- 
rounding structures. Continuity of each vein with 
the remainder of the circulation was interrupted 
by the careful application of a 27 mm. seraffine ? 
clamp at each end of the freed segment. In larger 
animals, the isolated femoral veins could be sepa- 
rated into two, and the cervical veins into three 
segments, each containing approximately 1 cc. 
of blood. After isolation, the segments were cov- 
ered with gauze moistened with saline, and the 
wound closed by apposition of the skin edges with 
a hemostat. This procedure required one to two 
hours. Hemostasis was well maintained; rec- 
tal temperature, pulse rate, and hematocrit re- 
mained constant throughout the operation. 

At selected intervals vein segments were re- 
moved from the animal and by release of one clamp 
the contents were emptied into clear shallow glass 
dishes containing 2 to 3 cc. of 2.5 per cent sodium 
citrate. These dishes were carefully inspected for 
the presence or absence of a gross clot. The pres- 
ence of clot, regardless of size, was taken as tne 
end-point. The empty vein segments were always 
opened and examined for residual clots. 

In fourteen dogs the time interval was observed 
between the isolation of the vein segment and the 
recognition of the clot in thirty-four segments. 
Clot formation was never observed in less than 
twenty minutes, usually not until after thirty min- 
utes had elapsed and in a few segments not until 
more than one hour had passed. When these clots 
were examined promptly by phase microscopy 
they were found to consist principally of fibrin. 
These initial clots were very small, but increased 
only slowly with time. That coagulation was not 
complete for at least as long as eight hours after 
isolation could be demonstrated by emptying the 
contents of such segments into containers devoid 


2 Manufactured by Arthur H. Thomas, Philadelphia, Pa. 
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of anticoagulant in which further clot formation 
could be observed. 


Other Alterations in the Blood in the Isolated 
Segment 


The obvious retardation of coagulation afforded 
by endothelial tissue was further pursued by in- 
vestigating other clotting functions in these iso- 
lated segments; namely—prothrombin consump- 
tion, accelerator formation and platelet disappear- 

ance. In another group of twelve dogs similarly 
3 prepared, the blood was emptied into siliconized 
centrifuge tubes containing 0.5 cc. of 3.2 per cent 
sodium citrate. Under these conditions gross clots 
were not evident unless the blood was obtained 
from segments which had been isolated for two or 


more hours.* 


3 Small clots, visible in twenty to thirty minutes when 
blood was diluted with large amouris of anticoagulant 
in shallow containers as described above, were not rec- 
ognizable in these centrifuge tubes where blood dilution 
was minimal. 


PROTHROMBIC ACTIVITY - %& OF CONTROL VALUE 
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One-stage prothrombin values were obtained by 
the modification of Rosenfield and Tuft (5) in 
which pooled barium sulfated dog plasma was used 
as the diluent. Two-stage prothrombin determina- 
tions were obtained by the method of Ware and 
Seegers (6) except that the blood was not de- 
fibrinated prior to measurement. Platelets were 
counted by the direct method with Rees-Ecker 
diluting fluid (7). Control 1 cc. blood samples 
carefully obtained from superficial veins with 
Arquad * coated needles and siliconized syringes, 
were transferred promptly to siliconized centrifuge 
tubes containing 0.5 cc. of 3.2 per cent citrate. 
This volume and concentration of anticoagulant 
was found to give consistent prothrombin values 
with 0.5 to 4 cc. of blood. Because of the small 
amounts of blood available for analysis and the 
relatively large volumes of anticoagulant in the col- 
lecting tubes, the hematocrit was routinely de- 
termined to correct for the initial dilution. 


4A non-wetting agent generously provided by Armour 
Laboratories, Chicago, III. 
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ON THE SAME ANIMAL AT INTERVALS OvER A SEVEN-Hour PEriop 


In a series of 70 segments from 12 dogs, no 
significant changes in one- or two-stage pro- 
thrombic activity were noted until after a segment 
had been isolated for four hours. Thereafter, 
the activity decreased although in some instances 
the change was not apparent until after seven 
hours. Even after ten hours of isolation a con- 
siderable amount of prothrombic activity was still 
demonstrable. This is consistent with the finding 
that clots after hours in blood-filled isolated seg- 
ments are small and increase in size when the 
blood is subsequently emptied into uncoated glass 
vessels. The decrement in prothrombic activity 
as measured by the two-stage method was always 
greater than that found with the one-stage technic. 

In Figure 1 are shown the one- and two-stage 
values determined in parallel on the same animal 
at intervals over a ten-hour period ; grossly visible 
clots appeared sometime before the fourth hour— 
several hours before any demonstrable change 
occurred in prothrombic activity. Figure 2 repre- 
sents determinations, over a seven-hour period, of 


Grossly visible clots appeared sometime between the first and second hour. 


the platelet counts and one-stage prothrombin val- 
ues in an animal in which clot formation began 
before the second hour. Although platelet disap- 
pearance is delayed markedly over that found 
when blood is allowed to clot in glass tubes, a cor- 
relation can be seen between the onset of platelet 
disappearance and the development of a grossly 
visible clot. Again, the one-stage prothrombin 
values were unchanged throughout the period dur- 
ing which samples were collected. 


DISCUSSION 


Although prolongation of both the clotting (8) 
and prothrombin (9) times of blood in silicone 
tubes have been demonstrated, it is evident that 
coagulation occurs far more slowly in blood in 
contact with the endothelial-lined surfaces of iso- 
lated venous segments than in coated vessels cur- 
rently employed in various in vitro technics. 
This is true even though the blood is completely 
stagnant and the vascular segment cut off entirely 
from the circulation. 
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The interpretation of the observed discrepancy 
between the one and two-stage prothrombin val- 
ues inevitably depends upon one’s viewpoint re- 
garding the specificity of these two measures of 
the prothrombin moiety. The observed differ- 
ence is entirely consistent with the view that dur- 
ing the coagulation process changes occur, where- 
by there is an increase in the velocity with which 
prothrombin is converted to thrombin. Since 
this velocity effect is manifest only in the one- 
stage method (10), the difference between the 
one- and two-stage values reflects the presence of 
accelerators. 

Of particular interest in this study was the 
insight afforded into the early phases of the coagu- 
lation sequence. From these experiments it is 
apparent, for instance, that a fibrin clot can de- 
velop prior to the disappearance of demonstrable 
amounts of prothrombin or the elaboration of 
measurable quantities of clot accelerators. This 
observation is of potential clinical significance 
since induced hypoprothrombinemia is currently 
employed to inhibit or retard intravascular coagu- 
lation in man. It becomes important, therefore, 
to ascertain whether induced hypoprothrombine- 
mia actually causes retarded fibrin deposition in 
vivo under the conditions of these experiments. 
Work in this direction is in progress. 


SUM MARY 


The influence of the isolated venous segment 
of the dog on intravascular coagulation has been 
characterized with respect to clot formation, pro- 
thrombin consumption, accelerator formation and 


platelet disappearance. Under the conditions of 


STANFORD WESSLER 


these experiments it has been shown that a fibrin 
clot may be deposited intravascularly prior to the 
demonstrable utilization of prothrombin. The 
isolated venous segment provides an additional 
and more physiologic means for investigating the 
early phases of intravascular coagulation, because 
endothelial tissue replaces artificial membranes. 
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Although the liver occupies an important posi- 
tion in protein and amino acid metabolism, abnor- 
malities in the metabolism of these nutrients by pa- 
tients with severe hepatic diseases have been diffi- 
cult to define. Alterations in the excretion of some 
amino acids, however, have been reported in pa- 
tients with liver disease (1, 2). That these pa- 
tients deviate from the normal with regard to the 
metabolism of certain individual amino acids also 
has been observed. For example, the finding of 
tyrosine and leucine crystals in the urine is con- 
sidered an indication of severe liver disease, es- 
pecially “acute yellow atrophy” (3), and abnor- 
malities in the utilization and excretion of ad- 
ministered tyrosine (4, 5), methionine (6), and 
glycine (7) have been reported. 

This study presents data concerning the urinary 
excretion of the eight amino acids essential for 
adult man (8) and of arginine and histidine in 20 
patients with cirrhosis of the liver as compared 
to 14 normal individuals maintained on diets and 


other conditions of study which were comparable! 


MATERIALS AND METHODS 


The twenty patients studied had advanced cir- 
rhosis of the liver, associated in most instances 
with chronic alcoholism and decreased food in- 


1This work was done under the sponsorship of the 
Commission on Liver Disease, Armed Forces Epidemio- 
logical Board, and was supported in part by the Office of 
the Surgeon General, Department of the Army, and by a 
grant from Merck & Co., Inc., Rahway, New Jersey, 
to Harvard University. 

2A preliminary report of this investigation appeared in 
the Proceedings of the National Meeting of the American 
Federation for Clinical Research, Atlantic City, New 
Jersey, May 4, 1952. 

8 Welch Fellow in Internal Medicine of the National 
Research Council. 

4 Present address: Veterans’ Administration Hospital, 
Iowa City, Iowa. 


take. Evidence for severe liver disease was de- 
rived from the clinical history, physical examina- 
tion, and liver function tests as well as liver biopsy 
or necropsy examination in some patients (Table 
I). The duration of the liver disease varied con- 
siderably. Some patients followed a course of 
slow improvement, and others chosen for special 
studies outlined below improved more promptly. 
The normal subjects were house officers and medi- 
cal students in good health. 

The patients were studied on the Thorndike 
Metabolic Ward where complete urine collection 
and dietary control were maintained. The daily 
food intake provided from 2,000 to 3,200 calories, 
and was considered adequate in other dietary es- 
sentials (except protein in some cases as indicated 
below). No supplements of methionine, choline, 
or vitamins were given to these patients during 
the studies (except patient F. C. who received a 
multivitamin capsule daily). 

Three methods of study were employed. First, 
the daily urinary excretion of the ten “essential” 
amino acids was determized in 20 patients with 
cirrhosis of the liver and in 14 normal individuals 
maintained on comparable diets. Second, the ef- 
fect of an increase in dietary protein intake upon 
the urinary excretion of these amino acids was ob- 
served in four of the patients (F.C., R. H., A. C., 
J. M.). During these studies the patients were 
given constant daily diets, and in successive me- 
tabolic periods of from six to nine days, increases 
in protein intake were made. In these cases the 
pooled urine obtained during the last three days 
of each study period was used for amino acid 
analysis in order to exclude the period of adjust- 
ment due to the change in the protein content of 
the diet. Finally, the effect of the severity of the 
liver disease upon the urinary excretion of the 
ten amino acids was noted in three patients (M. L., 
M.S., and J. S.). These patients were given con- 
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TABLE I 
Clinical and laboratory data in patients with cirrhosis of the liver 


Serum 


bilirubin, Thymol 
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B—Chronic cirrhosis 

A—Chronic cirrhosis 

B—Marked fatty 
infiltration 
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A—Chronic cirrhosis 
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AMINO ACID EXCRETION 


stant daily diets providing at least 2,800 calories, 
and 100, 75 and 50 gm. of protein per day, re- 
spectively, for the nine to 36 days of study. The 
urines were pooled in three day periods and ana- 
lyzed for their contents of amino acids for the first 
three or four pools and also for pools 8 and 12 in 
the case of J.S. A normal adult (T. P.) was stud- 
ied in an identical manner for 39 days during 
which he consumed a constant diet providing 3,000 
calories and 75 gm. of protein daily. 

The 24 hour urines were preserved with 10 ml. 
of a 5 to 1 mixture of glacial acetic acid and tolu- 
ene and refrigeration. Individual amino acid 
analyses were done by microbiological techniques 
for the eight amino acids essential for man and for 
arginine and histidine (9). Plasma and urine 
alpha amino nitrogen were determined by the 
gasometric ninhydrin methods described by Van 
Slyke, McFayden, and Hamilton (10, 11). Lab- 
oratory tests of liver functions included serum 
bilirubin concentration (12), bile in the urine (13) 
and urobilinogen (14), serum albumin concentra- 
tion (15), thymol turbidity (16, 17) and floccula- 
tion, and retention of intravenously administered 


bromsulphalein (5 mgm. per kilogram of body ' 


weight at 45 minutes) (18). 


RESULTS 


1. Urinary excretion of the 10 “essential” amino 
acids 


The daily excretion of each of the ten “essential” 
amino acids in each of the 20 patients with cir- 
rhosis of the liver is compared to that of fourteen 
normal individuals presented in Table II and in 
Figure 1. The daily protein intake of these pa- 
tients varied from 0 (0.2 gm. of nitrogen) to 125 
gm. Sixteen of the twenty patients were consum- 
ing either 50, 75, or 100 gm. of protein per day, 
which approximates a normal intake. All patients 
consuming 50 gm. or more of protein daily were in 
positive nitrogen balance. The results (Figure 1) 
show a fairly wide scattering above and below the 
average values for patients and the normal controls. 
In most instances this scattering was greater for 
the patients. The average urinary excretion of 
ach amino acid was slightly greater for the pa- 
tients than for the normal individuals in the case 
of seven of the amino acids (arginine, leucine, 
methionine, phenylalanine, threonine, tryptophan. 
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TABLE U 


Urinary excretion of amino acids in patients with cirrhosis 
of the liver and in normal adults (mgm. day) 


| Cirrhosis of liver | Normal adults 


No. subjects 20 | 4 
Range Ave | Range Ave 
Dietary protein intake, | 0-125 66 55-125 77 

Arginine | 5.8-24.4; 12.8 | 3.0-14.0} 10.2 
Histidine 25-225 | 116 | 38-222 | 142 
Isoleucine | 1.2-11.6] 5.8 | 3.8-23.6] 10.6 
Leucine | 6.4-22.2]} 12.0 | 3.3-16.2| 8.7 
Lysine | 9.7-90.5; 24.2 | 0-100 32.9 
Methionine 4.1-30.5; 114 | 20-68 | 4.6 
Phenylalanine 9.2-37.4| 19.4 | 6.6-28.0; 13.4 
Threonine }11.7-47.1} 27.8 | 7.7-37.5 | 21.1 
Tryptophan | 6.9-50.2| 20.6 | 6.8--25.4| 12.5 
Valine 3.6-17.2 9.5 | 2.7-11.5 7.8 

Total 146 


483 | 259.5 | 115-430 | 263.3 


and valine) but was decreased in three (histidine, 
isoleucine, and lysine). The overlap between pa- 
tients and controls, however, was so great that little 
significance can be attached to differences in the 
averaged values except in the cases of methionine, 
of tryptophan, and of isoleucine. In the case of 
methionine, more than half of the daily determina- 
tions in the patients were above the highest value 
found for the controls, and in some instances was 
increased five to six times the normal average of 
4.6 mgm. daily. The average daily excretion of 
tryptophan was almost twice that observed in the 
control subjects, and in six instances was from two 
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TABLE II 


Effect of dictary protein intake on the urinary excretion of ‘‘essential’’ amino acids (mgm./day) 
in patients with cirrhosis of the liver and in a normal adult 


Patient 


Dietary protein, gm. /day 


wn 


Arginine 
Histidine 
Isoleucine 
Leucine 
Lysine 
Methionine 
Phenylalanine 
Threonine 
Tryptophan 
Valine 


w 


om 
now 


Total ‘ 208.9 239.6 
*See reference 19. 


to four times the normal average of 12.5 mgm. 
daily. The average daily excretion of isoleucine 
by the patients was about one-half that noted in 
the control group, and all but one of the 20 pa- 
tients with cirrhosis excreted less of this amino 
acid than the average value found for the normal 
subjects. 


2. Effect of dietary protein intake upon urinary 
anuno acid excretion 
The urinary excretion of amino acids was de- 
termined in four of the patients during successive 
periods in which increases in dietary protein intake 
were made (Table II1). The excretions of amino 
acids in these patients with liver disease are com- 
pared with those previously observed in a normal 
adult maintained on diets of various protein in- 
takes (19). Although alterations in the quantity 
of dietary protein consumed was accompanied by 
variations in the urinary excretion of amino acids 
in the four patients, they were comparable in mag- 
Large 
increases in the dietary protein intake were not ac- 
companied by the urinary wastage of large quan- 
tities of these amino acids. 


nitude to those in the normal individual. 


3. Effect of improvement in liver diseases upon 
urinary excretion of amino acids 
The urinary excretion of amino acids was fol- 
lowed during improvement in severe active liver 
disease in three patients (M. L., J. S.. M. S.), 
Figure 2 and Table IV. The diet of each patient 
was constant throughout these studies and pro- 


B. S.* (normal) 


wry 


13.0 


293.7 | 304.6 185.8 | 271.1 | 400.4 


160.3 220.9 270.8 


vided 50, 75, and 100 gm. of protein daily, re- 
spectively. Each metabolic period consisted of 
three days during which the 24 hour urine col- 
lections were pooled prior to analysis. Distinct 
clinical improvement occurred between the suc- 
cessive periods. 
ten “essential” amino acids is shown in Figure 2 
and of the changes in excretion in the individual 
amino acids in Table IV. The urinary excretion 
of the total of the ten “essential” amino acids de- 
creased for each of the three patients as improve- 
A simi'ar decrease in the urinary 


The excretion of the total of the 


ment occurred. 
excretion of the individual amino acids toward or 
to normal is demonstrated. 

Data obtained on a normal subject (T. P.) 
maintained on a constant diet providing 75 gm. of 
protein daily are also included. This subject was 
studied for a comparable period of time, and the 
specimens assayed were collected, stored and 
handled in all respects in a manner identical to 
those obtained from the patients with liver dis- 
ease. No decrease in the urinary excretion of the 
total of the ten essential amino acids or of the indi- 
vidual amino acids was found. The urinary ex- 
cretion of these amino acids, in fact, remained 
quite constant during this control study. In ad- 
dition to pointing out a difference in the urinary 
excretion of amino acids in the patients with he- 
patic cirrhosis as compared to the normal indi- 
vidual, the assay results on the “normal” speci- 
mens indicate that the decrease observed in the 
patients is not due to hydrolysis of bound amino 
acids occurring in the specimens during storage. 
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(All assays were done at the completion of each 
study, at which time the initial specimen obtained 
had been stored for several weeks. ) 
DISCUSSION 

The results presented indicate that the urinary 
excretion of each of the ten “essential” amino 
acids in patients with cirrhosis of the liver does not 
differ markedly in quantity from that observed in 
normal individuals maintained on comparable 
diets. Likewise, the pattern of the amino acids 
excreted was comparable for the two groups stud- 
The values obtained in the patients with 
liver disease were somewhat more variable than 


ied, 


the values in the normal individuals. The average 
excretion values for seven of the amino acids 
(arginine, leucine, methionine, phenylalanine, thre- 
onine, tryptophan, and valine) were slightly higher 
in the patients than in the normal subjects, whereas 
the average excretion of three of the amino acids 
(histidine, isoleucine, and lysine) were slightly 
lower in the patient group. An increased urinary 
excretion of methionine and of tryptophan and a 
decreased excretion of isoleucine by the patients 
with liver disease were the most marked deviations 
from the normal noted. These results confirm and 
extend the observations concerning the individual 
amino acid excretion previously reported from this 
laboratory (1) and by others (2). 

It does not seem likely that the increase in uri- 
nary amino acid excretion, observed in these pa- 
tients occurs in large enough quantity to be nu- 
tritionally significant or to increase the require- 
ment for these amino acids. In the case of methio- 
nine, which is excreted in greatest excess, the fig- 
ure again does not implicate this amino acid as a 
limiting one. Moreover, supplements of methio- 
nine (and choline) do not enhance the positive 
nitrogen balance of patients with cirrhosis of the 
liver (20). The failure to detect gross deviations 
from the normal urine amino acid excretion in 
these patients does not imply that the intermediary 
metabolism of each of these amino acids proceeds 
normally. In fact, abnormalities in the inter- 
mediary metabolism of methionine have been dem- 
onstrated in patients with liver disease (6). 

The significance of the altered amino acid ex- 
cretion of these patients is not at once apparent. 
Elevated plasma concentrations of amino acids 


presumably do not account for this. In a series 
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TABLE V 


Plasma and urine alpha amino nitrogen in patients with 
cirrhosis of the liver and in normal adults 


Normal 
adults 


Cirrhotic 
patients 


Plasma: mgm./100 ml. 
No. subjects 

Range 

Average 


2.7-4.5 
3.8 


Urine: mgm./day 
No. subjects 10 
Range 118-199 
Average 152 


of ten patients with severe liver disease, the aver- 
age plasma alpha amino acid nitrogen concentra- 
tion was 3.8 mgm. per 100 cc. (range 2.7 to 4.5) as 
compared to that for 35 normal individuals of 3.7 
mgm. per 100 cc. (range 2.9 to 4.5) (Table V). 
Slight reductions in the renal threshold for amino 
acids, or a continuously elevated plasma amino 
acid concentration not great enough to be reflected 
in determinations of the plasma alpha amino ni- 
trogen concentration, constitute another possible 
explanation for the aminoaciduria. An elevation 
of plasma methionine concentration has, for ex- 
ample, been observed (6). 

Aminoaciduria occurs in Wilson’s disease 
(hepato-lenticular degeneration) and is much 
greater in quantity than that of the patients re- 
ported here (21, 22). Investigations led to the 
conclusion that an alteration in renal excretion 
best accounted for the abnormality (22 The 
pathological changes in the liver in the patients 
with Wilson's disease studied were usually much 
milder than in the patients with cirrhosis of the 
liver, so that, although it is possible that the amino- 
aciduria of the two diseases are related, that oc- 
curring in the former condition cannot be attributed 
to accompanying hepatic cirrhosis. 

Since the protein intakes of the patients stud- 
ied were in most instances within the range of 
that for the normal adults, forced protein feeding 
was not the cause of the slight increases in urinary 
amino acid excretion. It was concluded from a 
previous study of a normal adult that a large pro- 
portion of the amino acids excreted in the urine 
were “endogenous,” and not related to food in- 
take (19). The findings in the patients were com- 
parable to those in the normal adult receiving diets 
of varied protein contents. 
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A progressive diminution in the urinary excre- 
tion of amino acids was observed in some patients 
during improvement in their disease as evidenced 
clinically and by laboratory tests of liver function. 
In some instances urinary excretion values which 
were distinctly elevated returned to well within 
the normal range. This phenomenon, which has 
also been observed by others (2), may explain, 
in part at least, the greater variation noted in the 
amino acid excretion of the patients with liver dis- 
ease than of the normal subjects, since this is in- 
fluenced more by the severity and stage of the pa- 
tient’s disease than by the dietary protein intake. 
The nutritional implication of these observations 
is not apparent, but suggests a more efficient utili- 
zation of amino acids with improved liver function. 
Whether the progressive decrease in amino acid 
excretion noted is unique in patients with liver 
disease or also occurs in patients recovering from 
various other illnesses has not been determined. 

Gross abnormalities in the urinary excretion of 
“essential” amino acids by patients with cirrhosis 
of the liver were not found in the present study or 
in previous studies. The metabolism of the so-| 
called “non-essential” amino acids, however, has 
received little attention in these patients. It is con- 
ceivable that any limitations of protein synthesis 
occurring in patients with liver disease may be at- 
tributable to a limited ability of such patients to 
synthesize amino acids. Therefore, the possibility 
exists that an amino acid which is “non-essential” 
for normal man may be “essential” for the patient 
with hepatic disease in order to insure maximal 
body protein synthesis and repletion in this dis- 
ease state. 


SUMMARY AND CONCLUSIONS 


The urinary excretion of the eight amino acids 
essential for adult man and of arginine and histi- 
dine were determined microbiologically in 20 pa- 
tients with cirrhosis of the liver and in 14 normal 
individuals maintained on comparable conditions 
of study. In selected metabolic studies the effect 
of increases in dietary protein intake, and in other 
studies the effect of the severity of the liver dis- 
ease upon the urinary excretion of these amino 
acids, was determined. 

The results of these studies indicate : 
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1. The urinary excretion of the eight amino 
acids essential for man and of arginine and histi- 
dine does not differ markedly in quantity, or in 
pattern, in the patients with cirrhosis of the liver 
when compared to normal individuals. 

2. The average excretion values for arginine, 
leucine, methionine, phenylalanine, threonine, 
tryptophan, and valine were slightly higher in the 
patient group than in the control group, and those 
for histidine, isoleucine, and lysine were slightly 
lower. 

3. An increased urinary excretion of methionine 
and of tryptophan, and a decreased excretion of 
isoleucine by the patients were the most marked 
deviations from the normal. 

4. Large increases in the quantity of protein 
consumed by four of the patients did not result in 
the urinary wastage of amino acids. 

5. Improvement in liver disease in three pa- 
tients was accompanied by progressive decreases 
in the urinary excretion of these amino acids. 

6. It is concluded that alterations in the urinary 
excretion of amino acids by patients with cir- 
rhosis of the liver depend more upon the activity 
of the patient’s disease than upon the dietary pro- 
tein intake. 
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“Higher 


‘incidence of 
dense 
‘gallbladder 
shadows... 
a significant 


reduction 


—fumber of 


side effects.”*, 


Brand of iOCOPANOIC ACID 


“Telepaque produced approximately 35 per cent greater Telepaque is 3-(3-amino-2,4,6-triiodophenyl)-2- 
opacification of the gallbladder than iodoalphionic acid. 
This, we believe, constitutes an improvement of con- dose: 3 Gm. (6 tablets). Optimum shadow 
siderable significance .. . 40 per cent fewer patients re- Occurs 12 to 15 hours after administration. 
quired a second dose of the opaque medium . . . a very SUPPLIED 
real improvement. . . Among 100 patients who received 


the compound, none experienced emesis, only a few were DVUiittioo SZatHt me 


nauseated (mostly of a very slight nature), and the great N. 
majority had no symptoms of any kind whatsoever.” 2 te ton, a. 


2. Morgan, R.H., and Stewart, H.B. Radiology, 58:23!, Feb., 1952. 
Telepaque, trademark reg. U.S. Pat. Off., brand of iodopanoic acid (3-[3-amino-2,4,6-triiodopheny!]-2-ethylpropanoic acid) 
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Nucleus 
of a low sodium diet 


ample in protein 


With the same generous protein content as whole milk powder, 
Lonalac contains only one fiftieth of the sodium’ found in milk. 


Low sodium diets, which are often indi- 
cated in the management of congestive heart 
failure, hypertension, obesity in children and 
other clinical conditions, find valuable im- 
plementation in LONALAC.® 

Whereas most foods abundant in high 
quality protein contain large quantities of 
sodium also, Lonalac has a negligible 0.02%. 

Nutritionally similar to whole milk, Lon- 
alac can be used in any way in which milk 
is used—as a beverage, as a replacement for 


cream, or in soups, white sauces, breads, 
cakes, muffins, puddings and other appetiz- 
ing dishes. 

Used to replace milk, Lonalac can be 
combined with limited amounts of meat and 
eggs, and with low sodium foods, to pro- 
vide nutritionally adequate diets contain- 
ing as little as 200 mg. of sodium daily. 

Flexible low sodium diet outlines and 
recipes employing Lonalac are available on 
request. 


LONALAC is supplied in 1 and 4 pound tins. 


MEAD JOHNSON & CO. 
EVANSVILLE 21,I1ND., U.S.A. 
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CHICAGO 


CARBOHYDRATE 
METABOLISM 


(REVISED EDITION) 


By SAMUEL SOSKIN, M.D. ¢ RACHMIEL LEVINE. This re- 
vision of an important work which integrates all the aspects of carbo- 
hydrate metabolism includes new material on alloxan diabetes, hormonal 
regulation of metabolism, recent animal and human experimentation, 
and an enlarged bibliography. Published under the auspices of the 
Universiiy of Chicago Committee on Publications in Biology and ~~ 


At your bookstore, or from 
THE UNIVERSITY OF CHICAGO PRESS 
5750 Ellis Ave., Chicago 37, Ill. 
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